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SOME RECENT DEVELOPMENTS IN 
THE STUDY OF THE SOLID 
STATE? 


Since there are only three states of matter, one 
might say, just as a first guess, that the phrase “prop- 
erties of solids” implied one third of all the knowl- 
edge of material things which has resulted from physi- 
eal and chemical study. It is obvious, then, that only 
a few points can be touched upon in this discussion, 
and I must ask you to extend to me the modern privi- 
lege of applying my own “principle of selection” in 
any way I see fit. Even then, I am afraid it will be 
much like an extract from the well-known work of 
Mr. Wingleman, or an author’s reading by Messrs. 
Landolt and Bornstein. 

Without a doubt, the greatest advance of the past 
decade in the study of solids has been the application 
of the various X-ray methods of erystal analysis. 
This is particularly true in the case of the metals, and 
in other cases where the minuteness of the structure 
made the older methods difficult of application. The 
unique feature of the X-ray method, however, is, as 
Sir William Bragg has emphasized, that it gives a 
measure of the size of the crystal unit, out of which 
the crystal mass is built up. This unit is apparently 
much more characteristic and invariable than the ex- 
ternal form of the erystal. Just how far the method 
can go in distinguishing slight differences between 
units can not yet be said, and as a consequence there 
is the possibility of larger repeating blocks built up 
of the presently accepted units, which may differ 
among themselves in ways at present indistinguish- 
able. In this connection, there has been muéh diseus- 
sion as to the status of the molecule in erystals. In 
some of the first crystals studied, rock salt and syl- 
vine, for example, X-ray analysis gives no evidence 
of the existence of a “molecule”; in quartz, on the 
other hand, the molecule is easily distinguished,? and 
in organic crystals there is always a definite “crystal 
molecule” which will probably turn out to be identical 
with the chemical molecule. This question of the 
existence or importance of the molecule in erystals is 
just another way of putting the question of the nature 
and symmetry of attachments between atoms in the 
lattice structure, and other methods of study will un- 


1 Address delivered as President of the American Phys- 
ical Society, in Cincinnati, December 27, 1923. 
2 McKeehan, P. B., No. 2, 1923, p. 206. 
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doubtedly help to solve the problem—such as, for ex- 
ample, the correlation of certain lines or bands of 
absorption or reflection with certain groups of atoms 
occurring in various compounds. The recent work of 
Schaefer and Schuberth* shows some striking ex- 
amples of this sort of persistence. 

The most interesting recent generalization dealing 
with crystal analysis is that of Shearer* connecting 
erystal symmetry with molecular symmetry. To each 
of the 32 crystal classes he assigns a symmetry num- 
ber, which is simply the smallest number of per- 
fectly asymmetrical molecules which can be arranged 
in a crystal unit so as to give to the unit cell the sym- 
metry of each ciass. For example, the triclinic asym- 
metric requires but one molecule per cell, while the 
several classes of cubic crystals require 12, 24 or 48. 
Assuming, then, that actual crystal units are made up 
of the minimum possible number of molecules, and 
using the number per unit as determined from X-ray 
measurements of the size of the unit, combined with 
the density and the weight of the chemical molecule, 
it follows that if the actual number of molecules per 
cell is less than the symmetry number of the crystal 
in question, the molecules themselves must possess a 
definite amount of symmetry. This he expresses by 
putting the ratio 


Symmetry number of crystal 
Number of molecules per cell 





= Symmetry number of molecule. 


In no ease is the observed number of molecules per 
cell greater than the corresponding symmetry number 
of the crystal, and the generalization promises to be 
of great value in deciding as to the symmetry of the 
molecule as it exists in the crystal. Whether it re- 
tains the same degree of symmetry in the liquid and 
vapor state can not yet be said. Applying this idea 
to special cases, Shearer decides in favor of Hull’s 
suggested structure (four interpenetrating hexagonal 
lattices) for graphite, rather than Debye’s, and finds 
that Bragg’s suggestion of a “puckered hexagon” for 
the benzene molecule is consistent with the crystal 
symmetry of benzene. 

Crystal analysis may throw light not only on the 
question of molecular symmetry but also on that of 
atomic and molecular size, though until we know 
more about atomic structure and shape the term size 
ean not mean much. Wyckoff® has discussed a mass 
of experimental data from this point of view, and 
concludes that the simple hypothesis of a constant 
atomic radius for each element in all crystals is in- 
consistent with existing observations, but that in iso- 


8 Schaefer and Schuberth, Z. f. Phys., 7, p. 197, et seq. 
4Shearer, Proc. R. 8. Lond., Feb., 1923. 
5 Wyckoff, P. N. A. Sc., No. 2, 1923. 
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morphous crystals composed of only two kinds gf 
atoms, the center to center distances are additiy, in 
accordance with this hypothesis. 

Under the stimulus of the experimental study 4 
erystal structure there has been an energetic an{ 
fruitful revival and extension of the old Problem of 
the dynamics of point lattices, and at the hand of 
Madelung, Debye and especially Born, there has de. 
veloped a very complete theory of the properties of 
crystals. According to Born, a erystal is considey 
as a system of interpenetrating point lattices, 4, 
corners of each lattice being occupied either by 
electron or a positive nucleus, neither the molecyle 
nor the atom being handled as a unit. 

The potential of the system is taken as a mininy 
in the undisturbed state, and the forces acting in ay 
disturbed state are derived from the displacements oj 
all the particles from their equilibrium positioy 
through a potential function which for many py. 
poses may »e of a general quadratic form, althougi 
third and fourth power terms have been added i 
some cases. From this Born derives a theory of 
elasticity of the correct 21 constant type, and a sin. 
ple theory of piezo-electricity. The expression for 
the specific heat is a combination of three terms of 


the Debye type 
= 
f e*— 1 


whose only constants (maximum frequencies) appew 
in the limits of integration, and, in general, a number 
of terms of the Einstein form 


6; 
Te: Oe 
6; 
eT —1 


dx, 





each involving a definite “natural frequency” whic 
determines $;; all these frequencies being expressible 
in terms of the elastic constants of the crystal. For 
a number of crystals, the natural frequencies con- 
puted elastically agree quite closely with those con: 
puted from infra-red reflection maxima, or residuil 
rays. Furthermore, the general lattice theory lead 
to a dispersion formula of the Drude-Lorentz type 
which the same natural frequencies may be used, with 
the usual degree of success. The general lattitt 
theory, then, combines the results of the earlier dis 
persion theory and those of Einstein, Madelung au 
Debye in connecting dispersion with natural inf 
red frequencies, and these with the elastic properties 
and the specific heat. It is evident that the lattic 
theory will in general be of unique importance in cot 
nection with those characteristics for which the reg" 
larity of structure is directly responsible, such ® 
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eertain cases of optical rotatory power, and the non- 
tropic optical properties of crystals, and it is an 
interesting question as to just what characteristics are 
of this nature. The lattice theory is so general that 
it may include the type of oscillator characteristic of 
an atom or group of atoms, which was the basis of 
the Drude-Lorentz theory of dispersion and it is per- 
haps only a matter of habit that the older manner of 
handling this ease seems simpler and more vivid. 
The question as to the relative importance, in con- 
nection with any particular property, of the coup- 
Hjings inside the atom or inside a persistent group of 
atoms, and the inter-atomic couplings which are char- 
acteristic of the regular structure, is an experimental 
one quite aside from the theory. It is usually con- 
sidered, for example, that the absence of the typical 
infra-red reflection maxima in solutions of rock salt, 
sylvine, ete., proves that these are produced by the 
crystal structure, but this may not always be justi- 
fied, since the presence of the atoms of the solvent 
will have an influence quite apart from and perhaps 
exceeding that due to the loss of regular structure 
and possibly masking the effect of the still existing 
atomic resonators. If the idea of resonators is ulti- 
mately found to be the best basis for the dispersion 
theory, as it has so far proved to be, the indications 
are that there must be resonators of both the atomic 
and structural type, but the physical significance of 
Born’s “natural frequencies,” except in the special 
case where they are due to atomic resonators, is not 
easy to see. The same characteristic reflection (and 
dispersion) frequencies of quartz appear both in the 
crystalline and amorphous form,® though they show 
In the crystalline forms of 
SiO, the maxima are quite complex, indicating a 
group of rather sharp resonance frequencies, while 
in the amorphous forms the fine structure is blurred 


out, as if the surroundings of the SiO, groups were 


less regular and the resonance therefore more vari- 
able. In contrast to this, the regular crystals of 
sodium chlorate (NaClO,) and sodium bromate 
(NaBrO,) show a rotatory power which is lost by 
solution or fusion, and which is therefore entirely 
structural in origin. Assuming for these substances 
one of the several detailed crystal structures which 
have been suggested as a result of X-ray analysis, 
Herman,’ on the basis of the Born theory, arrives 
at a quantitative determination of the rotatory dis- 
persion curve which agrees particularly well with ex- 
perimental values in the ease of sodium bromate. 
Of course, there are parameters available whose 
values may be chosen within limits—the point is that 


®Rubens, Berl. Ber., 1919; Schaefer and Schuberth, 
Z. f. Phys., 7, p. 197. 


"Herman, Z. f. Phys., 16, p. 103, 1923. 
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a reasonable choice of these parameters gives a satis- 
factory agreement. 

In diseussing high temperature phenomena one 
might expect that the terms in the potential function 
involving higher powers of the displacements would 
become important, and it is indeed in the computa- 
tion of specific heat under such circumstances that 
Born and Brody® have included such terms. The 
result, holding only at high temperatures, shows a 
linear variation of specific heat with temperature, 
C ,==3R(1—3o0RT) where o may be either positive 
or negative, but is probably negative for substances 
showing a high coefficient of expansion. Only for 
platinum and copper® are there data available for 
testing this conclusion, but for both of these and 
especially for platinum, for which more accurate 
data are available, the agreement is quite satisfactory. 

The breaking strength of crystals has for many 
years been known to be quite definite and character- 
istic, but the attempt to compute it for an ionic lat- 
tice structure was unsuccessful, giving results many 
hundred times too large. At Debye’s suggestion, ac- 
count has been taken!® of a thermal motion of the 
average amplitude of one sixth of the interionie dis- 
tance, which leads to a very considerable reduction 
in the computed breaking strength. In this case, the 
potential function must be given an additional term 
to take account of the repulsive forces, and from this 
extended form may also be computed the lattice 
energy, which may be compared to the value com- 
puted ;from the heat of formation of the salt, the 
heat of sublimation of the metal, the ionizing poten- 
tial of the metal, the heat of dissociation, and the 
“electron affinity” of the electro-negative atom. The 
agreement is qualitatively good in the case of Nal 
and KI, if the best spectroscopic value of the electron 
affinity of iodine is used. 

Of all the fields in which the lattice theory has 
been applied, least satisfactory progress has been 
made in that of heat conduction. In general, in deal- 
ing with vibratory motions, no dissipative term has 
been used, since here, as also in the corresponding 
classical case of linear oscillators, there is no satis- 
factory theory for the origin of a damping factor. 
Recent work of Cario and Franck has, in the ease of 
vapors, given us definite proof of the transfer by im- 
pact of radiant energy absorbed by one atom to an- 
other, and this idea may be useful in several ways 
if it proves to be transferable to the case of solids. 
From this angle the “dissipation” of radiant energy 
in a solid would involve first the production of an 
excited state in one atom and then the transfer (by 


8 Born and Brody, Z. f. Phys., p. 132, 1921. 

® Magnus, Z. f. Phys., 7, p. 141, 1923. 

10 Zwicky, Phys. Z., 24, p. 131, 1923. 

11 Born and Gerlach, Z. f. Phys., 5, p. 435, 1921. 
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impact) of this energy to the form of mass or thermal 
motion of another atom. 

The classical theory of dispersion stands now in a 
peculiar position—having basic ideas quite foreign to 
the quantum theory, and yet having been practically 
unchallenged by that theory. Especial interest there- 
fore attaches to Darwin’s!? preliminary account of an 
application of quantum ideas to dispersion. Darwin 
retains the classical ideas of the propagation of 
electro-magnetic waves in free space, but for the 
ordinary picture of the reaction of such waves with 
atoms he substitutes a sort of probability trigger 
action. If a polarized wave encounters an atom, 
there is a chance given by 


9E, 
An (ir) at 
that it will, in the time dt, excite the atom to emit a 
spherical wave of the same type emitted by a Hertz 


ian doublet and of the form a, e~Aat cog kpt. The 
probability factor A, , amplitude factor a, and damp- 
ing factor 4, and frequencies k, depend only on the 
atoms and not at all on the wave. As indicated by 
the subscript n there may be several different ways 
in which the atom may be excited. Conservation of 
energy is given up as applied to individual excita- 
tions, but maintained as an average. The effect at 
any point of a wave passing over a group of atoms 
is found by integration, and in this process because 
of the particular form assumed for the individual 
scattered waves, the frequencies of the atoms (k, /27) 
disappear and the scattered wave is of the incident 
frequency. The resulting formula is shown to lead to 
a Lorentz type of dispersion formula 


3G?—1)_ 5 4eN Ana, c? 
w+ 2 " kKk—p 


Since the chance of excitation is assumed to depend 
linearly on the exciting force, the effects of super- 
posed waves will on the average be additive, which 
leads to the conclusion that the atoms will act as 
Fourier analyzers, breaking up a pulse into its con- 
stituent simple harmonic wave trains. 

We come now to another related and complex 
group of phenomena in which the influence of struc- 
ture is undoubtedly important, but at present little 
understood—namely, phosphorescence, fluorescence, 
photoconductivity and the effect of light on the 
dielectric constant. In general, all these phenomena 
are in qualitative harmony with Lenard’s basic idea 
that the effect of the exciting light is in all cases to 
move an electron from a normal to an “excited” 
position, supposedly in another atomic group. The 
return of the electron to the normal position after 
more or less delay may produce light, phosphorescent 
or fluorescent, according to the extent of the delay. 


12 Darwin, P. N. A. Sce., Feb., 1923. 
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The rival theory of Wiedeman was originally stata 
before the advent of the electron, but both Of they 
and the theory of Kowalski are so general and ey, 
body such similar features that at present it is ha, 
possible to discriminate between them. Even Perrin) 
so-called chemical theory involves a molecyla 
“change” produced by the exciting light, the emission 
occurring as a result of and during this change, whic 
according to Perrin always results in the destructio, 
of the active molecule. The field we are discussing 
having been exhaustively reviewed in the recent 
National Research Council Bulletin No. 30, I hay, 
only a few still more recent papers to consider, 
Schmidt** has studied further the effect of an ely. 
trie field upon the decay of phosphorescence of zy, 
sulphide (ZnS). Not only does the application of, 
field during decay produce a brief but considera} 
increase in luminescence, but also the removal of , 
field which has been on during the excitation and par 
of the decay period gives an even brighter flash. (); 
the other hand, the process of excitation and decay 
goes on in just the same way in a steady field 
with no field. A field which produces a flash whe 
applied during the deeay period produces no effec 
when removed, but several reapplications of it afte 
short intervals will in general give repeated flashes 
The flashes are brighter the stronger the fied 
Schmidt suggests an explanation, involving in the 
first case the rotation of polarized molecules by th 
field thus facilitating the return of excited electron 
to their normal positions, and in the second case tle 
holding of electrons in the excited position by the 
field, to be suddenly released upon removing the field 
but this does not help much in correlating the phe- 
nomena. Phosphoreseent zine sulphide also shows": 
marked increase in dielectric constant when exposed 
to violet or ultra-violet light, and this effect is de 
ereased by the application of an auxiliary field,” 
though there seems to be a fairly definite minimum 
value of 1300 v/cm. for the auxiliary field which & 
necessary to produce any influence. If this minimum 
is genuine, one would expect it to appear also 
connection with the “flashing” above mentioned, but 
it has not been observed. 

It has been suggested by Schleede,’* that the Lenari 
“phosphor” or center of luminescence is a foreigi 
metal atom which has replaced a metal atom of the 
main mass of material in a erystal structure. The 
distinction between phosphorescing and fluorescing 
materials is attributed to the imperfection or distor 
tion of the crystal lattice in the former case. This 
idea is supported by the fact that in general inorganit 


13 Schmidt, Ann. d. Phys., No. 3, 1923, p. 161. 
14 Gudden and Pohl, Z. f. Phys., 1, p. 365, 1920. 
15 Herweg, Z. f. Phys., 16, p. 29, 1923. 
16 Schleede, Z. f. Phys., 1, p. 109, 1923. 
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solids which are made by melting and relatively sud- 
den cooling are phosphorescent, whereas those formed 
by simply heating without melting or by crystal- 
lization without melting show only fluorescence. 
Schleede’s own X-ray examinations of two different 
specimens of zine sulphide indicate a marked de- 
parture from a uniform lattice in the case of the 
strongly phosphorescent form, while the fluorescent 
form was more regular. In this connection, one may 
recall that interesting class of fluorescent substances 
(ruby, certain fluorites, ete.) which particularly at low 
temperatures give extraordinarily sharp fluorescent 
lines. So far as I know, the only solids giving such 
sharp lines are certain crystals, and this suggests the 
same relation between structure and luminosity as 
has already been pointed out in the case of infra-red 
reflection, the sharpness of the lines being due to the 
extreme regularity of the surroundings of the emit- 
ting centers. A connection between structure and 
breadth of emission bands would seem to me as much 
to be expected as one between structure and duration 
of emission. We have recently been studying at Wis- 
consin the fluorescence of the ruby, and find another in- 
fluence of structure—namely, a difference in the light 
emitted according as one examines the components 
(electrie vector) vibrating along or perpendicular to 
the erystal axis, the regular structure either being 
responsible for the asymmetric constraints of the. 
emitting center, or else permitting the asymmetric 
characteristics of the molecular center to appear. 

The property of photoconductivity, or decrease of 
electrical resistance under the action of light, which 
is probably connected more closely than we at present 
understand with the fundamental optical and lumines- 
cent properties, appears to involve so many variables 
that it is almost impossible to decide what are the 
really significant factors. There seems little doubt 
that it is a ease of conductivity by electrons, a larger 
number of which are made available, or set “free” or 
“loosened up,” by the action of the light. It is ob- 
served with single crystals, aggregates of small crys- 
tals and amorphous material. In general, the photo- 
conduetivity as obtained with monochromatic light of 
various wave lengths but constant energy, shows a 
characteristic dispersion eurve with one and some- 
times two sharp maxima, though the form of this 
curve may vary with the intensity of the exciting 
light. Coblentz has recently?’ demonstrated that 
Ag2S has different photoconducting properties ac- 
cording as it is in the isometric (argentite) or ortho- 
thombie (aeanthite) form, but he has not connected 
this with any corresponding change in optical or other 
properties. Whatever connection there may be with 
the optical properties is apparently not simple’® since 

17 Coblentz, B. 8. Sci. Papers, No. 446, 1922. 

18 Gudden and Pohl, Phys. Z., 23, 1922, p. 417. 
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for all substances so far examined in this way 
(diamond, ZnS and HgS), though the photocondue- 
tivity maxima come in the spectral region where ab- 
sorption is beginning to increase rapidly, and the 
sensitivity falls nearly to zero with further progres- 
sion into the absorption region, this sharp decrease 
occurs for wave lengths for which the materials are 
still quite transparent. Curves showing the photo- 
conductivity current per unit of absorbed energy 
plotted against wave length, are practically linear for 
wave lengths longer than that giving maximum sensi- 
tivity, and this leads to the point of view that the 
absorption of light energy in solids is a quantum phe- 
nomenon, of a peculiar kind, however, since every 
quantum below a certain critical value must be sup- 
posed to liberate an electron or at least put it in con- 
dition to follow an external field. In the case of HgS 
and ZnS it even appears that the photo-currents are, 
within the experimental errors, quantitatively ac- 
counted for by this hypothesis. This is an interest- 
ing point of view, which, however, as yet rests on 
meager evidence obtained from measurements in that 
part of the spectrum where the photo-sensitivity and 
the absorptive power are both small and therefore 
relatively difficult to measure. It has been main- 
tained that the liberated electrons came from the 
metal atom in the salt, but the evidence for this is 
hardly conclusive. There is, however, (Coblentz) in 
many cases a quite systematic shift of the sensitivity 
maximum with a change in the atomic weight of 
either the metal or the acid element in the salts. 
Gudden and Pohl?® have also called attention to a 
systematic increase in the number of light sensitive 
salts which can be formed with the following series 
of anions 
F- < NO,- < 80,-- <C0,-- < Cl-< Br 

<< CON < Odie: Sie 


They find no photo-sensitive fluorides, nitrates or sul-+ 
phates, and the number of sensitive salts increases as 
one passes to the right in the series, though cyanides 
form an exception to this rule in forming no sensitive 
salts. Some additional interest attaches to this be- 
cause F'ajans®° from some general and rather vague 
considerations of the relation of structure to various 
properties, concluded that the “ease of distortion of 
the outer electron layers” increases regularly from 
left to right in the above series of anions. 

The conductivity induced by light, in which the 
carriers are undoubtedly largely, if not entirely, 
electrons, is superposed upon a much smaller natural 
conductivity, which with equal certainty may be con- 
sidered electrolytic in nature. There seem to be 
present in non-metallic erystals a number of ions 


19 Gudden and Pohl, Z. f. Phys., 16, 1, p. 42, 1923. 
29 Fajans, Die Naturwissenschaft, 11, 10, p. 165, 1923. 
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which are able to follow an applied electric field, 
both the number and mobility of these ions being in 
general increased by an increase in temperature. 
According to Joffé?4 there are two fairly distinct 
types of crystals, one exemplified by calcite (CaCO,), 
in which the conductivity is due to a relatively large 
number of positive ions of small mobility, and the 
other by quartz (SiO,) in which there are a very 
small number of ions of much greater mobility, and 
of both signs. Foreign non-isomorphous ions present 
in a erystal are apparently largely “free,” that is, in 
condition to follow a field and may be to a consider- 
able extent removed by electrolysis, with consequent 
diminution of the conductivity toward a well-defined 
limit characteristic of the “pure” crystal. If the for- 
eign ions are isomorphous, there is again a rapid 
diminution of conductivity produced by the passage 
of a current, such as is not found with “pure” crys- 
tals, but the limit approached seems to be between 
the values characteristic of the two constituents in 
the mixed crystal. Joffé concludes that, though the 
foreign ions are isomorphous, the lattice structure is 
less regular because of variations in concentration of 
the foreign ions from point to point and hence there 
will initially be more free or dissociated ions until, 
due to diffusion and current flow, a uniform condition 
is attained. It is possible not only to remove by 
electrolysis foreign ions which, as in the cases just 
mentioned, were embodied in a crystal during the 
process of formation, but also, as has been known for 
many years and recently studied in detail, to pass 
through a crystal ions from an electrode. The details 
of these processes are not clear, and there is room 
for much more study, which especially if combined 
with more detailed X-ray analysis, should throw light 
on the actual condition of what we have called the 
“free” ion, and the process by which it passes through 
a erystal—whether by a series of substitutions with 
the normal lattice ions, or through the interstices of 
the lattice. Joffé favors the latter idea and suggests 
that it may be possible to obtain estimates of ionic 
diameters by. sifting them through crystals of varying 
mesh. 

The processes we have just been discussing and the 
terminology we have been using suggest that this is 
the appropriate place to pass from the consideration 
of those substances primarily dielectric in nature to 
those primarily conducting and metallic. Metals are 
apparently always crystalline in structure, except for 
superficial and intercrystalline (Beilby) layers whose 
amorphous character is a matter of inference rather 
than direct proof, but the crystals are in general 
minute and variously oriented. There are, as always, 
two distinct problems—the problem of the single 


21 Joffé, Ann. d. Phys., 72, No. 22, p. 461, 1923. 
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crystal and the problem of the crystal agerepaty - 
Because of the difficulty of obtaining single Crystal 
of suitable size, very little work has been done with 
them. 

The most characteristic feature of metals is the; 
high electrical and thermal conductivity, and largely 
through the extraordinarily skillful work of Bridgy, 
man, there has been much recent progress in the styjy 
of these properties. Of all Bridgeman’s work, oy. 
ering as it does the pressure coefficient of electricg| 
and thermal conductivity, the pressure coefficients o 
thermal e. m. f. and Thomson and Peltier heats, thy 
departure from Ohm’s law with high current deng. 
ties, and the effect of tension on electrical condy. 
tivity, the most interesting in some respects is th} 
dealing with the pressure coefficient of resistance 
These results brought out the fact that of the thirty 
odd metals so far studied, there are six elements ( Bi 
Sb, Cs, Li, Sr, Ca) which have the surprising char. 
acteristic of increasing their resistance under pres. 
sure. One of these, caesium, has this abnormal }p. 
havior only in a high pressure modification, and 
caesium is the most compressible of the metals 
Bridgeman surmises that other metals might have 
abnormal forms under sufficiently high pressures, 
Particular interest attaches to all this from the stand. 
point of the formulation of a theory of the mecha. 
nism of electrical and thermal conductivity, to take 
the place of the original free-electron gas hypothesis, 
which we all use because of its simplicity, though it 
has been shown to be untenable by several lines of 
attack. The six elements showing abnormal pressure 
coefficient obviously require special treatment, but 
unfortunately these do not all behave alike as regards 
their tension coefficient, so that finally Bridgeman has 
been forced to include three more or less distinct pic- 
tures, the common basic idea being the conduction of 
both electricity and heat by the drift of a small nun- 
ber of electrons whose free paths are limited in dif- 
ferent ways by atomic vibrations. In normal metals 
the electron is supposed to drift through the substance 
of the atoms themselves, which are arranged in chains 
of varying length, the free paths being determined 
largely by the amplitude of atomic motions; in the 
bismuth type, showing both abnormal (negative) 
pressure and tension coefficients a special hypothesis 
is necessary as to the law of force between atoms such 
that the amplitude of vibration will increase as the 
distance between atoms decreases; in the lithium type, 
having negative pressure but positive tension coefi- 
cients, the electrons are supposed to pass through the 
lattice between the atoms, and finally for strontium 4 
combination of the two mechanisms seems necessary. 
It is necessary, also, to allow a varying amount of 
heat conduction by atomic impact, in addition to that 
resulting from the drift of electrons. 
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Another theory has been developed by Hall? which 
again avoids the specific heat difficulty by assuming 
q small number of free electrons and long free paths, 
but involves the rotations of both atoms and ions. 
They both have a thermal rotational energy propor- 
tional to the absolute temperature but of a much 
smaller order of magnitude than the translatory en- 
ergy, and in addition the ions orient themselves in the 
external field. In this way, the drift of electrons 
from atom to ion (and so on) depends on the thermal 
motions and the field, and electrical conduction occurs 
in part by the motion of free electrons, but in larger 
part by the passing on of electrons from atom to ion. 
As E. B. Wilson?® says, this theory has at least the 
advantage of giving the ions something to do, and as 
he further points out, Perkins’s** observation that a 
negative charge diminished and an added positive 
charge increased the conductivity of graphite but pro- 
duced no observable change with gold, are in qualita- 
tive agreement with Hall’s hypothesis. This follows 
from the fact that adding electrons would probably 
reduce the number of ions and hence reduce the pro- 
portion of the conductivity due to ions—which is the 
preponderating part. How much importance attaches 
to this ean not be decided until more extended ob- 
servations on the effect of static charges are at hand. 

The latest attack on this problem by Sir J. J. 
Thomson®> puts the burden of both the electrical and 
thermal conductivity on the electrons, but the density 
of these is definitely fixed by the number and valency 
of the atoms. A certain type of crystal lattice is as- 
sumed for the metals, in which the “disposable” 
valence electrons are on lattices symmetrically placed 
with respect to the atomie (ionic) centers so that they 
are not bound to any particular atom, this being ren- 
dered plausible by computations of the compressi- 
bility of ecaleium. Consideration of the natural 
frequency of displaced single electrons as compared 
to linear groups or chains of electrons displaced 
along their length leads to the adoption of the latter 
as the unit of transportation. Having only one 
degree of freedom and containing many electrons 
(perhaps 10,000) equipartition applied to the chains 
as units does not lead to conflict with specific heat 
data. The chains move as rigid bodies in electrical 
conduction, but in thermal conduction there is also 
energy transmitted along the chain. A “collision” in 
this case is the passage of a linearly moving electron 
past the point of nearest approach to an ion, and 
there is no “persistence” of the velocity acquired by 
an electron in the applied field, except at very low 


22 Hall, P. N. Acad., 7, No. 3, March, 1921; October, 
1922, 

23 E. B. Wilson, P. N. Acad., 9, p. 135, 1923. 

24 Perkins, J. d. Phys., July, 1923. 

25 J. J. Thomson, P. M., April and October, 1922. 
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temperatures when, since the time of passage of an 
electron by an ion may equal many periods of atomic 
vibration, there will be little transfer of energy to 
the ion, and superconductivity will appear. 

Valency also plays an important rdéle in the theory 
recently put forward by Waterman”*, in which the 
expression for the conductivity is the same as that 
derived from the simple electron-gas theory, the con- 
trolling factors being the mean free path and the 
concentration of the electrons, but the mean free path 
is assumed to be nearly constant and the variations in 
the conductivity are brought about by changes in the 
number of electrons per unit volume. This concen- 
tration of electrons is determined by applying the 
law of mass action to the reaction atom = ion +-v 
electrons, where v is the valency. The theory develops 
an interesting relation between valence and the tem- 
perature variation of conductivity which is quite con- 
sistent with the behavior of the alkali metals, and also 
a connection with the photo-electric and thermionic 
work functions for which there is some experimental 
justification though, as we shall see, the latter are at 
present rather uncertain quantities to tie to. 

With respect to none of these theories have I at- 
tempted to mention all the characteristics of metals 
which in a more or less qualitative way are correlated 
by them, nor shall I attempt to criticize them or es- 
timate their relative value. They are in the stage of 
working hypotheses, and having been developed from 
different viewpoints, each is most successful in its 
own field, and all will doubtless contribute to the ulti- 
mate clearing up of this very complicated problem. 

One can anticipate most interesting developments 
from studies of single crystals, which will enable one 
to separate the properties of such crystals from 
those due to the state of aggregation. Recent mea- 
surements of the thermal conductivity of single bis- 
muth crystals by Kaye and Roberts?’ show that the 
conductivity computed from the observed crystal con- 
stants, assuming a random distribution of crystals, 
agrees very closely (1 per cent.) with that observed 
for cast bars, provided no allowance is made for the 
effect of the contact between different crystals. It 
will be very interesting to find out whether the 
electrical conductivity of mass metals is connected in 
an equally simple way with the constants of single 
crystals. 

We must now make our way out of these somewhat 
confusing internal conditions, where we have gradu- 
ally become surrounded by lattices, amorphous layers, 
chains of atoms, chains of electrons, rotating dipols, 
free electrons which should not move and bound ones 
which will not stay still, to the region outside which 
we optimistically call a vacuum, and from this van- 


26 Waterman, P. R., 22, Sept., p. 259, 1923. 
27 Kaye and Roberts, P. R. S., 724, p. 98, 1923. 
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tage point consider some of the surface properties of 
solids. To begin with, we must give up the natural 
but entirely unwarranted expectation of finding con- 
ditions any simpler, since we have really added a few 
more variables to the already extensive list. One 
might naively think that the simplest surface phe- 
nomenon would be the passage of electricity, and in 
particular negative electricity, across the boundary 
of a metal, so let us begin with this, and in its 
simplest form, namely, the removal of electrons by 
the application of high electric fields. Early at- 
tempts to establish a definite minimum potential 
gradient, characteristic of a given metal by which 
electrons could be removed, were discordant, un- 
doubtedly because of unidentified variations in the 
surfaces, more especially contamination by gases. 
Modern methods of outgassing have, however, been 
used in two recent instances. Using highly polished 
molybdenum spheres 1 em. in diameter, with a 
minimum gap of 3 mm. Hayden*® observed, after two 
days heating and exhausting, a maximum critical 
gradient of 1235 Kv/em. More recently Millikan 
and Eyring?®, using heat-treated tungsten surfaces, 
observed a critical gradient of 800 Kv/cm. The order 
of magnitude is in satisfactory agreement—whether 
the difference is characteristic of the two materials or 
determined by slight surface peculiarities can not yet 
be said. One would anticipate that all spurious ef- 
fects (except insensitive current measuring instru- 
ments) would tend to lower the observed critical 
gradient, and it is therefore somewhat surprising to 
find the highest values reported by Hoffman*® for he 
worked in poor vacua (.001 mm.) and did not outgas 
his surfaces. His maximum value of 4800 Kv/em 
was obtained with platinum-iridium surfaces, but 
lead gave 2200 Kv/em. Hoffman worked with very 
small separations (1/3 to 3 wave lengths) and low 
voltages and thus avoided gas ionization troubles, but 
his high values are very likely due to the effect of 
gaseous double layers, and are not characteristic of 
the metals. Repetition of experiments on critical 
gradients and field currents, using erystal faces in- 
stead of artificially polished ones, might lead to more 
uniform results, and also, if faces having different 
atomic densities could be used, interesting results as 
to the “penetration” of external fields into the crystal 
lattice. One might expect the metals to arrange 
themselves in the order of their thermionic work 
functions, as regards the difficulty of removing elec- 
trons, but the results for molybdenum and tungsten 
are in the reverse order. One might also expect that 
a considerable increase in temperature might lead to 


28 Hayden, J. Am. Inst. Elec. Eng., No. 11, p. 852, 
1922. 

29 Millikan and Eyring, Phys. Soc., Sept., 1923. 

30 Hoffman, Z. f. Phys., 4, p. 363, 1921; 5, p. 109, 1923. 
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a lowering of the critical potential gradient becayy 
the thermal motions of the atoms would on the aye. 
age “open up” the surface and leave “holes” for th, 
easier escape of electrons. Millikan reports that a) 
inerease in temperature from 300° K to 1000° K py. 
duces no change in the field currents (and presyp, 
ably none in the critical field) but that at 1100° K th 
field currents are slightly larger, which he attribute 
to increased penetration of the field, possibly due 
the development of minute cracks. 

One may substitute for these gross external field; 
the molecular fields of another proximate surface anj 
here again we find great differences and discrepancig; 
in the results, which just now seem by way of being 
somewhat cleared up*?. Evidence is accumulating 
for the truth of Coehn’s law that the amount and 
sign of the charge assumed by a substance A when 
touched or rubbed by another, B, is proportional to 
the difference of their dielectric constants. Steel fits 
into the series of dielectrics if its dielectrie constant 
is taken as 3.1. While, as Richards says, this may be 
a reasonable value for the constant expressing the 
behavior of the bound electrons in a metal, it is not 
clear why the dielectric constant should be the con- 
trolling factor in the present case, whereas in all 
other cases (except the reaction toward infra-red 
waves less than 4 » long) the bound electron effects 
in metals seem to be masked by the behavior of the 
“free” electrons. The charges produced by the in- 
pact of a dielectric sphere on a metal are considered 
by Richards as due to the true volta contact effect 
just mentioned and an effect of electron inertia such 
as was discovered by Tolman and Stewart. One 
might also expect a difference between impact and 
mere contact or rubbing because of the breaking down 
or violent distortion of the structure of both surfaces 
occurring in the former ease. 

The old conflict as to the essential nature of the 
volta contact e.m.f. between metals has subsided, with 
the idea that it is an “intrinsic” property triumphant 
over its “chemical” rival. The “intrinsic” hypothesis 
is of course nothing more than a name, since we have 
as yet only the vaguest ideas as to the cause of the 
hypothetical natural attraction of metals for elec- 
trons, and its present favor is due in large part to 
the intimate connection which has developed between 
contact e.m.f. and thermionic and photoelectric dis- 
charge. The primary difficulty in all measurements 
of this sort is the purification of the surface—par- 
ticularly from gas contamination. Without question 
no one has ever worked with gas-free surfaces, and 
probably no one ever will, but it is becoming more 
and more possible to obtain reproducible surfaces, 
and whether or not they contain some gas is after all 


81 Coehn, Z. f. Phys., 5, p. 242, 1921; Richards, P. 2., 
Aug., 1923, p. 122. 
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of somewhat secondary importance provided we 

know what the actual condition is. 

The latest most accurate work of Dushman® and 

Davisson and Germer**® only serves to confirm the 
es 


validity of both the first (i=A,T"e r and sec- 
d 


ond (i==A,T?e T) Richardson thermionic equation, 
it being impossible as yet to discriminate in favor of 
either one of them. It is also impossible to decide at 
present as to the value of the constant A, though the 
indications are that it is a universal constant, as 
Dushman’s theory would make it. One of the attrac- 
tions of Richardson’s theory is that it accounts in a 
very simple way for the energy of the thermions, 
since it is based on the idea of a free-electron gas in 
the metal for which the mean kinetic energy is the 
equipartition value3k T. This is, in fact, the most 
suceessful application of the electron gas hypothesis, 
where it has persisted in spite of difficulties encoun- 
tered in other directions, but there is now a little 
thermionic evidence against the usually assumed 
value for the mean energy inside the metal. This is 
furnished by the work of Davisson and Germer, since 
it is found that the values of the work function for 
tungsten obtained by the compensated cooling 
method, and from the temperature variation of the 
thermionic current, are brought into excellent agree- 
ment not only with each other but with Dushman’s 
and Lester’s, if they are all handled on the assump- 
tion of zero kinetic energy for the electrons within 
the metal, but are not in good accord if handled on the 
usual assumption. 

The hypothesis of zero internal kinetic energy 
removes the specific heat difficulty, but necessitates 
special assumptions to account for the initial 
energy of the thermions. Evidence of the insuf- 
ficiency of the simple electron gas hypothesis may 
be furnished by observations such as those of Géetz,*4 
wherein the thermionic discharge from electrolytic 
copper and iron and manganese was followed 
through various transformation points and the 
melting point. In terms of the first Richardson 
equation, Géetz records changes in either A or b or 
both constants, at the melting points and at three 
other temperatures, two of which correspond to 
known transformation points of iron. These inter- 
esting results ean hardly be accepted as definite 
without further confirmation, in view of the great 
liability to gas contamination even with the pro- 
longed outgassing which Géetz used. One would 
expect a different surface-gas equilibrium above and 
below the melting point, and a erystal transforma- 


32 Dushman, P. R., June, 1923, p. 623. 


83 Davisson and Germer, P. R., 20, p. 300, 1922. 
°4 Goetz, Phys. Z., 23, 18, p. 377, 1923. 
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tion might also lead to a similar change. Richard- 
son’s observations® on the effect of hydrogen on the 
thermionic discharge from platinum and tungsten 
may, on the other hand, be taken as a count in favor 
of the electron-gas theory, since he was able on this 
basis to compute changes in the contact e.m.f. which 
were in fair accord with those observed, but the 
conditions of the experiments were of necessity so 
complex that the interpretation is, as Richardson 
himself says, somewhat uneertain. One may point 
out in particular that the application to this ease of 
a generalization deduced from photo-electric mea- 
surements as to the constancy of the “stopping 
potentials” would lead to the conclusion that the 
changes observed were not in contact emf. but in 
initial velocity of electrons. The present status 
seems to be, then, that there is no doubt that ther- 
mionie discharge is an intrinsic property of metals, 
which can be expressed with all the necessary ac- 
curacy by a simple exponential equation, possibly 
with only one constant characteristic of each metal, 
that it probably is not simply connected with the 
process of electrical conduction, and that the origin 
of the thermionic energy is uncertain. One’s discour- 
agement with this situation is perhaps somewhat re- 
lieved by the realization that a puzzling but appar- 
ently unescapable equation can be derived without 
the use of the quantum theory*. 

The situation with regard to the photo-electric 
effect is just now equally confused. It has been 
shown many times, most recently by Tucker,®’ that 
the photo-sensitivity of metals can be reduced almost, 
if not quite, to zero by prolonged heating or other- 
wise outgassing, but in every case the observations 
were open to the interpretation that there had oc- 
eurred a shift of the long wave limit toward the 
ultra-violet beyond the spectral range of the ap- 
paratus, and not a vanishing of the photo-electric 


85 Richardson, P. M., 43, p. 162, 1923. 

86 Heated metals are puzzling not only for their ther- 
mionic property—they are equally baffling as regards 
their radiation. Their spectral emission curves are simi- 
lar to those of a perfect radiator, but none of the well- 
known laws will suffice even with changes of constants. 
Here again one is painfully conscious of the dangers of 
surface contamination. We have at Wisconsin an accu- 
mulation of data covering a wide range of temperature 
for a dozen different metals, taken under conditions as 
good or better than have ever been used elsewhere, but 
I have been unable to correlate the radiation properties 
to any other properties of the metals. For low ranges of 
temperature, the simple Drude relation between total 
emissivity and electrical conductivity is approximately 
verified—but this is only a first approximation and neg- 
lects factors which become increasingly important at high 
temperatures. 

87 Tucker, P. R., Dec., 1923. 
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effect. We now have at Wisconsin an outfit in 
operation with which we expect to be able to follow 
the shift for platinum down to about 1500 A, and 
Dr. Swann informs me that Mr. Woodruff at the 
Ryerson Laboratory is extending Tucker’s work in a 
similar way and has shown that Tucker’s vanishing 
sensitivity was due to a shift of the long wave limit. 
How far this limit can be shifted by the most intense 
and prolonged outgassing remains to be seen. Again, 
Suhrman** after long continued heating finds a long 
wave limit of 2700 A for platinum, but he is of the 
opinion that the real limit for the gas-free metal 
must be much farther in the ultra-violet, because 
of the effect of outgassing on the sensitivity to wave 
lengths from 2400 to 2150, much shorter than the 
apparent limit®*®. It is evident that there is still 
great uncertainty as to the real photo-electric charac- 
teristics of platinum. In the meantime, Kazda, work- 
ing with Millikan, has taken extreme precautions to 
secure a clean surface of mercury, which was con- 
tinually flowing and being replenished by distilla- 
tion, and for such a surface he finds a definite long 
wave limit at 2735 A. This ought to be as nearly 
a gas-free surface as has ever been worked with. 
_ There is also good reason to consider the long wave 
limit (2700 A) obtained in the same laboratory by 
Neilsson for aluminum melted in vacuum as a 
limiting constant for this metal. If one could ac- 
cept Suhrman’s result of 2700 A for platinum, it 
would begin to look as if all gas-free metals had the 
same long wave limit—a most improbable result in 
the light of thermionic values for the work function. 
But Suhrman’s wave length is undoubtedly too long, 
and it is probable that in the end, definite and charac- 
teristic long wave limits will be found for each metal. 

The complexity of the situation was great enough 
before Shenstone*® confirmed his earlier observations 
of a change in the photo-electric sensitivity due to 
the passage of an electric current through the metal 
under examination, as observed in a very high 
vacuum. The current has a direct and rapid effect 
when first thrown on, which more or less slowly (in 
from one to many hours) disappears after the cur- 
rent is cut off, the effect of a given current being the 
same whether it is applied suddenly or gradually at- 
tained by successive increases. In general (for Bi, 
Cu, Ag, Ni, Au, and Pt) the effect of the current is 
to increase the photo-sensitivity, though with copper 
and gold a maximum is quickly reached and the sen- 
sitivity falls below its initial value, the cycle of 
changes produced by increasing and stopping the 
currents being quite accurately reproducible. Shen- 


88 Suhrman, Ann. d. Phys., 372, p. 43, 1922. 

39 Suhrman’s curves suggest that he may have been 
bothered with scattered light of short wave length. 

40 Shenstone, P. M., May, 1923, p. 918. 
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stone has measured the small temperature changes jp. 
volved (of the order of 5° to 30° C.), and while th 
reduction of these temperature changes by a Cooling 
device modified the characteristics of the effect, it gia 
not tend to eliminate it. It is natural to attribyt, 
these very interesting results to changes in surfacg 
gas content, which Shenstone has of course carefully 
considered, and it must be admitted that this explana. 
tion is hard to reconcile with the cycle of change 
through which copper could be repeatedly carried, 
For the present, we must leave it as a probable jp. 
dication of some change in surface structure pro. 
duced by the passage of an electric current paralle 
to the surface, rather than as evidence of an orienta. 
tion phenomenon directly associated with electrical 
conduction, for the latter would hardly be expected 
to show such prolonged after effects. 

The Shenstone effect is undoubtedly involved in the 
changes in the photo-electrie sensitivity of platinum 
observed by Wello,*: which were produced by succes. 
sive short heatings of platinum foil to gradually in- 
creasing temperatures, but outgassing effects were 
also certainly present and probably predominant at 
the higher temperatures. There is much to favor 
Hallwachs’s view that we should consider a loosely 
attached gas layer as well as the gas content of the 
metal itself, or some similar hypothesis of a surface 
content and volume content of gas which are affected 
differently by increase in temperature. The surface 
gas condition will be controlled by the volume density 
of gas in the metal, the rate of diffusion of this gas to 
the surface, the rate of escape of gas from the sur- 
face and the amount of gas in the surrounding space. 
All the observations on photo-electric effect and con- 
tact e.m.f., except possibly Shenstone’s, seem to fall 
in with such a point of view. 

There is one point on which observers seem to 
agree, perhaps because no one has directly investi- 
gated it for several years, namely, that the retarding 
potential necessary to stop the photo-electric dis- 
charge, with a given wave length of light, is the same 
for all metals examined. From this Mitlikan con- 
eludes**? that either the energy of the photo-electrons 
must be hv after their escape from the atom, or else 
that the photo-electrons are initially the “free” 
electrons rather than the atomic or bound ones. The 
only reasonable way of accounting for the first alter- 
native is to say that the energy absorbed by an elec- 
tron in an atom is just enough to get it out of the 
atom and leave it with a kinetic energy hv which is 
the conclusion reached by Barkla in discussing the 
photo-electric effect of X-rays, and which associates 
the whole phenomenon intimately with atomic struc- 
ture. Spectroscopy has familiarized us with many 


41 Welo, P. M., March, 1923, p. 593. 
42 Millikan, P. R., Sept., 1921. 
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quantum changes of atomic energy, but there is no- 
where any analogy to this case, where the surplus 


‘energy equals hv. The second hypothesis according 


to which the photo-electrons come from the mass 
structure rather than the atomic structure is simpler, 
but it throws the responsibility for the kinetic energy 
nantum upon the absorption by a free electron, 
and for this there has never been any hypothesis ex- 
cept the original Einstein one of point quanta. 

Whittaker** not long since suggested a very inter- 
esting atomic model, especially designed to account 
for the interchange of energy by quanta (AE = hv) 
between an atom and an electron. The essential fea- 
ture is a magnetic structure which is started in rota- 
tion, thus producing a magnetic current, by the 
absorption of radiation. If the absorbed energy 
just amounts to hv it follows from the equa- 
tion of the model that an approaching*‘ elec- 
tron will be sucked through the atom and 
sent off with the kinetic energy hv. The model 
also takes care of the conversion of the energy of 
inelastie electron impact into radiation in accordance 
with the quantum law, and can be made to involve 
the general spectroscopic characteristics of the Bohr 
atom, but it does not involve any mechanism for the 
absorption of radiant energy. The Whittaker 
mechanism seems somewhat clumsy, but it may of 
course be taken as merely illustrative, and on the 
other hand we may recall that rival models escape this 
criticism by suggesting no mechanism whatever. 

I have already referred to the work of Cario and 
Franck as affording experimental evidence for the 
occurrence of a particular type of impact in which the 
energy of an excited atomic state is transferred to 
another atom. If we assume that this absorbed 
energy (AE =hv) may also be transferred by im- 
pact to a “free’’4> electron, the photo-electrie require- 
ments would be satisfied. It would be an inner and 
not a valence electron which would be responsible for 
the absorption, since the latter are probably much 
altered in the solid state, forming the “free” or at 
least loosely attached structural electrons. There is 
difficulty in picturing the absorption of all fre- 
quencies—~but this may be thought of as a statistical 


43 Whittaker, P. BR. 8. E., 52, 2, p. 129, 1922. 

‘4The question of the probability that an electron 
would approach just as the energy reached the value hy 
would seem to require some consideration. 

*5 It is not unreasonable to consider the ‘‘free’’ elec- 
trons in metals as of fundamental importance in the 
Photo-electrie effect, in spite of the known photo-electric 
discharge from insulators, for we have seen that light 
evidently loosens up the structure of insulators, putting 
electrons in a more or less free condition. The photo- 
electrie effect in insulators may therefore involve two 
somewhat distinct processes. 
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effect due to the varying distortion of the outer levels 
of the atom in the course of the constrained thermal 
motions. 

Whatever detailed hypothesis we may adopt, 
the constancy of the stopping potentials leads to 
the conclusion that the energy expended by the elec- 
tron in passing through the surface is hv, where v, is 
the low frequency limit, and one would expect an 
agreement between the surface work functions deter- 
mined photo-electrically and from thermionic obser- 
vations, properly corrected for temperature change. 
All that can be said is that these two quantities do 
agree as to order of magnitude, and until the uncer- 
tainties surrounding the photo-electric long wave 
limit can be cleared up, this is as much as could be 
expected. 

Since we are entirely uncertain regarding the 
fundamental point as to how the light acts upon the 
photo-electron, speculations regarding this are of in- 
terest. One such is by Bothe**, based on the point- 
quantum idea, who points out that in the impact of a 
quantum with an electron, if there is to be conserva- 
tion of energy and linear momentum, then the quan- 
tum can not disappear (i.e., transfer all its energy to 
the electron) if the electron is free. From this he 
concludes that the photo-electrons are initially bound, 
and discusses the impact and annihilation of a 
quantum under these conditions, especially as regards 
the direction of motion of the liberated photo-elec- 
trons. He computes the ratio of the forward- to the 
backward-going electrons produced by different 
wave lengths in gold, and these prove to be in the 
proper sequence but all larger than the observed 
ratios, while for y-rays the computed asymmetry 
ratio is much smaller than that observed. This last 
is a discrepancy which can not be attributed to the 
seattering of the photo-electiions in the metal, since 
this would always tend to diminish the asymmetry; 
and the situation is only partly relieved by at- 
tributing rotational energy to the light quantum. 

From what has been said it seems evident that a 
summary statement of the status of the photo-electriec 
problem must be at least as vague as that applied to 
the thermionic effect, and indeed it may be put in al- 
most the same words: the experimental verification of 
a simple but baffling equation ({mv?—h(v—v,)), 
great uncertainty as to the values of the constants in- 
volved, no known connection with electrical con- 
ductivity or with optical properties, and only vague 
ideas as to the source of the energy of the emitted 
electrons. 

As a final method of removing electricity from 
metals we may consider the bombardment of a metal 
surface by electrons. If these are of relatively high 


46 Bothe, Z. f. Phys., 7, 2, p. 137, 1923. 
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velocity they would be expected to penetrate into the 
actual atomic structure, and indeed, in the skillful 
hands of Davisson and Kunzman they have presented 
us with the most striking and direct evidence we have 
for the nuclear theory of the structure of the atom. 
Low velocity electrons will undoubtedly tell us some- 
thing about the mass structure, though as yet the con- 
clusions are indefinite. Since the outer atomic levels 
are, without doubt, seriously altered in the mass 
(otherwise atomic optical properties would show 
themselves) it is improbable that the atomic ioniza- 
tion and resonance potentials will be observed in con- 
nection with low velocity bombardment—though there 
might well be, in some eases, observable effects due to 
analogous quantum changes, which might be expected 
to be more pronounced in those metals where the 
outer electron levels are the least disturbed by ag- 
gregation. 

Mention of the subjects of this address would, I 
suspect, bring to most of us first a thought of the 
wide variety and complexity of the experimental and 
theoretical methods involved and then a feeling of 
the apparent disconnection between them, as if each 
group of workers were so intensely interested in eul- 
tivating their own field that they paid but scant at- 
_tention to what was being done in others. Even an 
incomplete account such as the present may be of 
value in showing that while the complexity is real the 
impression of disconnection is largely superficial, and 
in pointing out some of the cross-relations which are 
developing between the various methods of attacking 
the fundamental problem of the constitution of 
solids. If in this presentation I have appeared to 
overemphasize the failures of our theories and the 
defects of our experimental knowledge, you must ac- 
cept this as in part a matter of temperament. The 
pessimist dwells on successes to keep his courage up 
—the optimist enjoys facing things as they are. On 
the other hand, it is the failures and the inconsis- 
tencies of our interpretations which point the way to 
new knowledge, and it is in one very real sense true 
that a theory is valuable inversely in proportion to 
its apparent completeness and rationality. I have no 
regrets, therefore, in commending to you the subjects 
of this afternoon’s discussion as ones in which there 
is great room for improvement. 


C. E. MENDENHALL 
UNIVERSITY OF WISCONSIN 





THE ORGANIZATION OF SCIENTIFIC 
MEN 


Iw discussing altruism and the struggle for exist- 
ence! David Starr Jordan has urged that those who 
band together win. Those who can stand shoulder to 


1 ‘* Footnotes to Evolution,’’ 1913, p. 28. 
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shoulder loyally have the promise of the futur 
Those who can not hold together find every man’s 
hand raised against them. 

Some contemporary developments are eloquent that 
the traditional policy of individualism which animates 
so many intellectual workers is harmful to the beg 
interest of the workers, their work and of Society, 
and that it must ultimately be abandoned and replaced 
by a policy of cooperation. There is scarcely justig. 
eation for an absorption in one’s specialty which 
leaves no time for consideration of the welfare of 
one’s family and fellow workers. 

We believe that certain organizations already in the 
field are doing valuable work in this direction, thong) 
most of them are handicapped by limitations greatly 
reducing their effectiveness. To mention a few only: 
The social and scientific activities of the American 
Association for the Advancement of Science are cop. 
siderable, but its contribution on the economic side js 
very small; the scientific-technical branch of the 
Washington, D. C., local of the National Federation 
of Federal Employees did a valuable piece of work 
in behalf of the reclassification of the civil employees 
of the government, but has now become inactive, and 
is, of course, limited to employees of the United States 
government; in their own spheres of activity such 
organizations as the American Medical Association 
and the American Association of Engineers have ac- 
complished much, but their contributions have been 
very largely to the welfare of the more or less homo- 
geneous groups which they represent; more impor- 
tant, perhaps, than any of these (at least for un- 
versity men) is the American Association of Uni- 
versity Professors, which, however, is limited to cer- 
tain grades of university men, and which has not been 
nearly so effective as it might be with a larger mem:- 
bership and more adequate dues. 

It seems clear that a professional organization more 
inclusive than any of these is needed, embracing work- 
ers in universities, academies, museums, private scien- 
tific and intellectual foundations, and in the service of 
state and federal governments, to insure the social and 
economic welfare of the intellectual worker and to 
inerease the value of his contribution to society. 
Business interests and labor have long had their 
organizations, through at least some of which they 
secure effective cooperation. Even the long-suffering 
farmer is taking some elementary lessons in the fine 
art of mutual endeavor. Why should the intellectual 
worker lag so far behind? In some of the countries 
of the old world, perhaps as a result of an almost in- 
supportable economic pressure, there are signs of an 
awakening. A writer in a recent number of the 
British Medical Journal? reports that there are, 1” 


2 Quoted in ScrENcE, May 18, 1923. 
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Europe, no less than nine national confederations of 
intellectual workers, though none as yet in England 
or the United States. The present precarious status 
of academic freedom and the wholly inadequate eco- 
nomic basis on which intellectual and research work 
rests in this country and elsewhere enforces the need 
of some such agency. Such an organization should be 
supported by adequate dues and should, from the first, 
adhere to a consistent policy of advancement of sci- 
entific workers and their work and defense of intel- 
lectual interests wherever they might be attacked. 
There is great need for the stimulation of a better 
appreciation, on the part of the public, of the im- 
portant réle in our modern life played by the intel- 
lectual worker. The important results of his work 
should be given more adequate publicity. As 
Gregory’ says, “The time has come for a crusade 
which will plant the flag of scientific truth in a bold 
position in every province of the modern world.” 
Among the legitimate objects of such an organization 
as that proposed are to be numbered the following: 


(1) Strive for academic freedom. 
(2) Endeavor to secure better pay for intellectual 


workers. 
(3) Adopt and maintain codes of ethics for intellectual 


workers. 

(4) Educate the public as to what is going on among 
intellectual workers, and emphasize the value of the work 
of the expert. 

(5) Educate the expert in the basic principles of the 
sociology, economics, world history and practical politics 
which underlie the present social structure, to the end 
that he may better protect his own economic interests and 
take a more intelligent part in community councils. 

(6) Study the special economic problems of the intel- 
lectual worker, such, for example, as supply and demand 
of intellectual workers, wages and cost of living, employ- 
ment methods and policies in different ingtitutions. 

(7) Insist on higher standards of preparation for in- 
tellectual workers, with emphasis on a broad curriculum 
to increase their all-round efficiency. 

(8) Maintain an employment service for this group of 
workers; help young intellectual workers get started. 

(9) ‘Seeure the passage of desirable legislation, such as 
registration laws, protective alike of the intellectual 
worker and the publie. 

(10) Cooperate with other organizations of similar ob- 
jects; advocate the formation of an American Confedera- 
tion of Intellectual Workers, to be composed of all or- 
ganizations of adequately trained brain workers striving 
for the social and economic advancement of their mem: 
bers, and so for a more adequate research product, and 
a more worthy contribution to human advancement. 


We believe it will be generally conceded that the 
old system puts the emphasis too much on each man 
for himself alone and for his work alone. The newer 


’ Science, Nov. 11, 1921, p. 449. 
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plan, while not lessening, in any degree, the obliga- 
tion to cultivate his specialty to the utmost, adds an 
obligation to help his fellows. In order to be success- 
ful, an organization of the type proposed must be 
based on a real friendship and mutual loyalty on the 
part of intellectual workers. No mere machinery of 
organization can take the place of sympathy and 
mutual interest. 

The intellectual worker has made immeasurable con- 
tributions to the welfare of mankind, both spiritually 
and physically, and not a few men he has made im- 
mensely rich. While the dollar is an madequate yard 
stick by which to assess the value of his product, it 
is one of a very practical character, and it is only just 
to insist that from the billions of dollars representing 
the values resulting from his research enough should 
be returned to make his continuing contribution effi- 
cient. The opinion of the business man who regards 
the intellectual worker with mild toleration, not to 
say contempt, on the ground that he is an economic 
imbecile lacking the sense to make a decent living 
for his family, is, after all, pretty well founded. The 
merchant does not stop to consider that the successful 
operation of his business depends on the previous 
painstaking work of a long line of brain workers. 
The lack of consideration of the scientific workers on 
the part of the public will continue just so long as 
it is accepted by such workers. 

We are of the opinion that the intellectual workers 
should get their heads together; that such topics as 
academic freedom and the economic status of brain 
workers should be increasingly discussed wherever sci- 
entific men gather; that interested individuals in the 
various institutions of the country should take it upon 
themselves to bring together within their own sphere 
a group of sympathetic and interested individuals; 
and that, at the earliest practicable opportunity, a 
thoroughgoing organization for the social and eco- 
nomic advancement of intellectual workers (in univer- 
sity, museum, academy, private scientific and intel- 
lectual foundations and the scientific-teehnical service 
of state and federal government) be set up, either by 
the expansion of some association already in existence, 
or the formation, from the ground up, of a new and 
more inclusive agency for the purpose suggested. 
Ultimately, this might well be followed by the union 
of this organization and others with similar objects 
into a single large unit for the better service of intel- 
lectual workers and the public. 


C. B. Brown, A. E. Douetass, 

E. J. Brown, Mark ERLE, 

W. E. Bryan, Frank C. Lockwoon, 
Hueu G. CALKINS, EK. R. Rresen, 


Water P, TAYLor, 
CHARLES T. VORHIES 


Byron CUMMINGS, 
F. A. Conrap, 













SCIENTIFIC EVENTS 


BRITISH NATIONAL UNION OF SCIENTIFIC 
WORKERS! 


THE proceedings at the annual council meeting of 
the National Union of Scientific Workers, held at the 
Imperial College of Science on January 26, were 
enlivened by a spirited discussion on the position of 
the general secretary, Major A. G. Church, now that 
he has been elected member of Parliament for Leyton 
(East). The suggestion was made that his personal 
association with a political party might give the union 
a political complexion, but the majority of the repre- 
sentatives present were evidently of the opinion that 
the more scientific workers there were in Parliament, 
irrespective of party, the more likelihood there would 
be of science exercising its proper influence in 
national affairs. 

Mr. F. T. Brooks (Cambridge), in presenting the 
sixth annual report, emphasized the need for more 
propaganda among leaders of industry and public 
bodies in order that the importance of science to 
the nation should be more fully appreciated. During 
the year, a number of public meetings were arranged 
in different centers of industry, presided over by 
representatives of Chambers of Commerce and other 
public men. <A questionnaire had been addressed to 
all members of the last Parliament with the view of 
ascertaining their attitude towards research and the 
public endowment of research institutions, and an 
offer had been made to certain industrial under- 
takings to put at their disposal the services of the 
Research Council, with the view of their making pro- 
posals for the proper utilization of science in their 
industries. The fact is fully appreciated by the ex- 
ecutive of the union that upon fuller recognition of 
the potentialities of science depends the welfare of 
the scientific workers who are being turned out from 
our universities yearly. It is hoped that the promi- 
nence given to this question at the forthcoming 
British Empire Exhibition at Wembley through the 
efforts of the British Science Guild will have far- 
reaching effects. 

For the past two years at least, the claims made 
by the union to the treasury and other government 
departments for the improvement of the salaries and 
conditions of service of scientific workers in govern- 
ment departments have been weakened by the pre- 
vailing conditions of scientific workers in industry 
and in the universities. The attitude of the admin- 
istrative heads of departments is demonstrated in the 
terms of the report of the committee on the pay of 
state servants. In this report it is stated that while 
the salaries of administrative officers can not be based 
upon those which can be obtained by men of similar 


1 From Nature. 
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standing in outside professions, those of the scientig, 
and technical officers were rightly based upon the 
current market rates. The union will continue 4, 
press for a new inquiry into the position of gyi 
servants engaged in scientific and technical work, ay 
the setting up of the new Civil Service Nationa) 
Whitley Council, representation on both sides ¢ 
which shall be confined mainly to scientific and tech, 
nical officers. On the existing National Whitley 
Council, science has practically no voice, and to this 
fact can be attributed the want of success which hg 
attended the efforts of the union to obtain any megs. 
ure of justice or equity of treatment. 

Dame Helen Gwynne-Vaughan, the retiring pre. 
dent, in her address dealt with the need for a federg. 
tion of scientific bodies with the view of the ultimat 
creation of a General Scientific Council similar 
that of the General Medical Council; this would lead 
to the ideal of science as a self-governing professioy, 

Professor G. H. Hardy, of Oxford, was elected 
president of the union for the ensuing year, while 
Dr. J. W. Evans was elected president of the Re. 
search Council. 


INTERNATIONAL OCEANOGRAPHICAL 
RESEARCH 


A FAR-REACHING proposal for the extension of In- 
ternational Oceanographical Research was submitted 
by Professor O. Pettersson and Commander C. Ff. 
Drechsel to the International Council for the explors- 
tion of the Sea at its meeting in Paris in October, 
1923, in a memorandum, since issued as an extract 
from Vol. 32 of the Reports of the Council. As 
abstracted in the Geographical Journal it is pointed 
out that the result of international research 4l- 
ready carried out is to show that there exists an in- 
terchange of waters and of living organisms between 
different parts of the ocean on a far larger scale than 
was considered possible twenty years ago, exemplified, 
e.g., by the new facts brought to light respecting the 
migrations of the eel. Such discoveries suggest fur- 
ther problems for solution, and of these two are put 
forward as of special importance, namely: (1) 
Whether the changes observed in the fish-life corre- 
spond to changes in the current system of the ocean; 
(2) whether these changes are periodic. From the 
study of the first it should be possible to determine 
whether the migration of fishes are physiological, #.¢., 
due to what is usually spoken of as instinct, oF 
whether they depend upon physical conditions. An 
answer to the second problem would help towards 4 
forecast of the monthly and yearly output of fisheries. 
While the normal work of the International Council 
must be kept within certain limits, concentrated, ¢.9» 
on the upper layers of the sea to a depth of not over 
1,000 meters, wider investigations must be reserved 


















Isla 
sec 
to § 
of 


isla 








or 








dr 






wh 





an 






in: 
br 






iz 


di 

































the Scientigy 
Upon the 
Continue to 
Lon of ¢iyi 
work, and 
€ Natio 
th sided 
le and tec}, 
al Whitley 
and to this 
| Which hag 
ANY meas. 


ring Presi. 
ta feders. 
le ultimate 
Similar { 
vould lead 
rofession, 
aS electej 
ear, While 
; the Re- 


ICAL 


nm of In. 
ubmitted 
rc. Ff 
explora- 
October, 
extract 
cil. As 
pointed 
reh al- 
} an in- 
ret ween 
le than 
plified, 
ing the 
st fur- 
re put 
(1) 
corre- 
eean; 
m the 
rmine 
l, #.€., 
t, OF 
An 
rds a 
eries. 
uncil 
C.J. 
over 
ved 


EX, No. 159 






















or special expeditions. It was hoped that the open- 
nc of the Panama Canal would afford the opportu- 
ty for concerted research in the Atlantic by the 
hips taking part in the ceremony, but the war frus- 
rated the plan. Now, it is pointed out, a new oppor- 
nity presents itself through the offer for sale of 
Hirondelle, the yacht of the late Prince of Monaco, 
rited up for oceanographic research in the most com- 
nlete manner possible. It is proposed that this should 
ye acquired for an expedition embracing all the 
nceans and lasting perhaps four years, the total cost 
peing reckoned at from £120,000 to £140,000—a sum 
vhich, it is held, could be provided by the cooperation 
of all the countries interested. General approval of 
he scheme on the part of the International Council 
vas expressed in a resolution passed during the Paris 


meeting. 


THE BIRD SANCTUARY IN THE FARNE 
ISLANDS 


AnoTHER important bird sanctuary, the Farne 
Islands, off the coast of Northumberland, has been 
secured in perpetuity for Great Britain. According 
to an announcement made by Mr. Collingwood Thorp, 
of Alnwick, the necessary funds for purchasing the 
islands for the National Trust have now been received 
or promised, 

Earlier in the month Lord Grey of Fallodon had 
drawn attention to the movement to secure the islands, 
which are deseribed as one of the most remarkable 
and wonderful breeding places for sea birds in the 
British Islands. They are the northernmost breed- 
ing place of the Sandwich Tern and the southernmost 
breeding place of the Eider duck, and without organ- 
ized protection the islands would, under modern con- 
ditions, be destroyed as a breeding place for the rarer 
species. Now continuous protection is assured, and 
when the islands have been handed over to the Na- 
tional Trust they will still be managed, financially 
and otherwise, by a local committee. This body will 
require funds to provide watchers during the breed- 
ing season, and so the existing Farne Islands Associa- 
tion will continue as before. 


This will make the fourth sanctuary for birds 
vested in the National Trust. There are already two 
other reserves on the east coast, 1,700 acres at Blake- 
ney Point in Norfolk, which is largely used by migra- 
tory birds, and Seolt Head, not far away, which com- 
prises some 1,200 acres. These are tracts of wild 
land and seashore, and during the breeding seasons 
watchers are maintained to prevent thoughtless inter- 
ference with the birds. Wicken Fen, near Soham, in 
Cambridgeshire, is really an insect reserve, but is 
used by several of the rarer birds. 
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PROPOSED INVESTIGATIONS IN HEAT 
TRANSMISSION 


THE National Research Council has been requested 
to undertake investigations in heat transmission, the 
results of which will provide the designing, operating 
and research engineer with more reliable information. 

Heat transmission is in an unsatisfactory state. 
There is the greatest need for quantitative informa- 
tion that can be safely generalized, for the sifting and 
correlation of present knowledge and for laying out 
a careful program of investigations to secure the in- 
formation that is lacking. Data is needed by the re- 
frigerating, heating and ventilating, electrical, auto- 
motive and mechanical engineers. 

In accordance with the general policy of the Na- 
tional Research Council a suitable committee will be 
organized, which will include experts of all branches. 
A program will be laid out, and then solicitation will 
be made to secure the necessary funds and facilities. 

An executive committee has been selected consist- 
ing of: 

F. Paul Anderson, Director, Research Laboratory of 
American Society of Heating and Ventilating Engineers, 
at U. 8. Bureau of Mines, Pittsburgh, Pa. 

W. L. Badger, Professor of Chemical Engineering, 
University of Michigan, Ann Arbor, Mich. 

W. H. Carrier, President, Carrier Engineering Corpn., 
Newark, N. J. 

Harvey N. Davis, Professor of Mechanical Engineer- 
ing, Harvard University, Cambridge, Mass. 

H. @. Dickinson, Chief Piv. III, Heat and Thermom- 
eter, Bureau of Standards, Washington, D. C. 

H. Harrison, Brunswick-Kroeschell Company, 
York City. 

F. E.. Mathews, 
Leonia, N. J. 

George A. Orrok, Consulting Engineer, 124 East 15th 
Street, New York City. 

T. S. Taylor, Research Physicist, Westinghouse Elec- 
tric and Mfg. Co., East Pittsburgh, Pa. 


New 


Consulting Mechanical Engineer, 


A meeting of this committee will be held in the near 
future and the necessary steps taken to launch the 
project. 


HEAT TRANSFER SYMPOSIUM 


Tue Division of Industrial and Engineering Chem- 
istry, American Chemical Society, will start the Heat 
Transfer Symposium of which Professor W. H. Me- 
Adams is chairman on Tuesday afternoon, April 22. 
A large number of papers have been prepared for 
this symposium among which are the following: 


Heat transmission in an inclined rapid circulation type 
vacuum evaporator: D. J. VANMARLE, Buffalo Foundry 
and Machine Co. 

Evaporator scale formation: W. L. McCaBE and C. 8. 
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ROBINSON, Department of Chemical Engineering, Massa- 
chusetts Institute of Technology. 

Heat transfer in enamel-lined equipment: E. P. Poste, 
Elyria Enameled Products Co. 

Forced convection of heat in cases and liquids, II: 
C. W. Rice, Research Laboratory, General Electric Co. 

The film concept of heat transmission applied to a com- 
mercial water heater: D. K. DEAN, Alberger Pump and 
Condenser Co., Boston. 

Characteristics of air blast heaters: F. R. Evuis and 
J. D. Wurtz, B. F. Sturtevant Co., Hyde Park, Mass. 

Heat transfer from bare and insulated pipes: RB. H. 
HEILMAN, Mellon Institute of Industrial Research. 

Loss of heat from furnace walls: R. CALVERT and LYLE 
CALDWELL, the Celite Company, Lompoc, Calif. 

Optimum operating conditions for pipe heating and 
cooling equipment: W. K. Lewis, J. T. Warp and E. 
Voss, Chemical Engineering Department, Massachusetts 
Institute of Technology. 

A heat meter: Percy NICHOLS, Research Laboratory, 
U. 8. Bureau of Mines Experiment Station, Pittsburgh. 

Heat losses from various shapes: L. B. McMILLAN, 
Johns-Manville Co., New York City. 

Evaporator design: W. L. Bapcer, Department of 
Chemical Engineering, University of Michigan. 


Practically all of the papers of this symposium, 
which will occupy all of Tuesday afternoon and 
Wednesday morning, have been preprinted and dis- 
tributed to the paid members of the industrial divi- 
sion. By this method it is anticipated that much 
valuable discussion will take the place of the formal 
reading of the papers. It is planned to edit this 
discussion and print it at a later date. This sym- 
posium promises to be one of the most important 
which the division has ever held. 


THE YALE SCHOOL OF FORESTRY 


Sace HAu., the building of the Yale School of For- 
estry, was dedicated on February 23. The building, 
one of the finest of its kind in the country, is the gift 
of William H. Sage, Yale, 1865, Albany, in memory 
of his son, De Witt Sage. Mr. Sage, who was unable 
to be present at the dedication, was represented by 
his son, Henry W. Sage, Yale, 1895. 

Dean Henry S. Graves, of the School of Forestry, 
presided at the formal dedicatory exercises. The 
keys to the building were accepted by President James 
Rowland Angell in behalf of the university. The pro- 
gram included a short address by the architect, Wil- 
liam Adams Delano, Yale, 1895, of New York City. 
The principal address was made by Professor James 
W. Toumey, former dean of the school. 

At the close of the formal exercises the alumni and 
other guests inspected the building, reassembling at 
3:30 P. M. for a program of addresses on forestry 
subjects by foresters of prominence in their fields. 
These included Earl H. Frothingham, director of the 
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Southern Appalachian Forest Research Station of th 
United States Forest Service; Professor John §, py, 
guson, for many years director of forest educatio, in 
the Pennsylvania State College of Agriculture and 
Mechanic Arts; Rufus S. Maddox, head of the St, 
Forest Research Service in Tennessee, and Ferdinanj 
A. Silcox, formerly of the United States Pony 
Service. 





SCIENTIFIC NOTES AND NEWS 


THE Nichols Medal of the New York Section ¢ 
the American Chemical Society was presented to Py, 
fessor Charles A. Kraus, of Brown University, , 
the Chemists’ Club on March 7. Presentation 4/. 
dresses were made by Dr. Clarke E. Davis, Dr. F. 4 
Cottrell and Professor Marston T. Bogert, and ); 
Kraus made an address on “The theory of radicak 
as applied to modern chemistry.” 


A cHapter of Sigma Xi was installed at the Uni. 
versity of Virginia on February 28. Professor F. k, 
Richtmyer, of Cornell University, president of th 
national society, made an address on “X-rays and the 
structure of the atom.” 


Proressor Micuarut I. Puprn, of Columbia Uni. 
versity, delivered the first annual Willard Gib} 
memorial lecture under the auspices of the American 
Mathematical Society in the Engineering Societi« 
Building, on February 29. His subject was “Coord:- 
nation.” 


On the evening of February 11, the seventy-seventh 
anniversary of the birth of Thomas A. Edison, a 
address in celebration of the occasion was broadcasted 
by L. D. Gibbs, chairman of the public speakiy 
committee of the National Electrie Light Association 


A TESTIMONIAL number of The Boston Medical ani 
Surgical Journal, dedicated to Dr. John P. Suther- 
land, dean-emeritus of Boston University School of 
Medicine, has been issued. The contributors to the 
number are members of the faculty of the school of 
medicine with the exception of Dr. Murray P. Hor 
wood, who was formerly instructor at the school ani 
is now teaching at Massachusetts Institute of Teel 
nology. Among the faculty members whose article 
appear in the number are the following: Dean Alex 
ander S. Begg, Dr. W. H. Watters, Dr. David W. 
Wells, Dr. Leroy M. S. Miner, Dr. Charles T. Howari, 
Dr. Samuel R. Meaker, Dr. Allan Winter Rowe, Dr. 
Sanford B. Hooker, Dr. David L. Belding, Dr. Fret: 
erick A. Pratt, Dr. Charles H. Lawrence, Dr. Walter 
L. Mendenhall and Dr. Solomon C. Fuller. 


THE annual general meeting of the Physical Society 
of London, held on February 8, was marked, as We 
learn from Nature, by the presentation to Professor 
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7 L, Callendar of the first Duddell Memorial medal. 
This medal, which was instituted last year, in honor 
of the late William Du Bois Duddell, is awarded to 
wersons who have contributed to the advancement of 
-nowledge by the invention or design of scientific 
nstruments or by the discovery of materials used in 
their construction.” Dr, Alexander Russell, the retir- 
ing president of the society, in making the presenta- 
ion, mentioned briefly the many contributions to the 
science of heat and allied subjects which Professor 
Callendar had made. 


Mayor A. G. CHurcuH, secretary of the National 


; Union of Scientific Workers, has been appointed 


Parliamentary private secretary to Mr. Sidney Webb, 
president of the Board of Trade. 


Sir JoHN Buanp-Sutton, president of the Royal 
College of Surgeons, has been elected a member of 
the Athenaeum Club for distinction in science and 
public service. 


Tue chancellor of the University of Cambridge has 
appointed Sir Richard Glazebrook, of Trinity College, 
who recently retired from the directorship of the Na- 
tional Physical Laboratory, a member of the court 
of the University of Liverpool until December 31, 
1926. 


On nomination of the President the Senate has 
confirmed the reappointment of Dr. Hugh S. Cum- 
ming as surgeon-general of the U. S. Public Health 
Service. Dr. Cumming, who has been in the Public 
Health Service since 1894, was nominated surgeon- 
general by former President Wilson in January, 1920, 
and continued in that post through the Harding ad- 
ministration. 


Dr. Roger I. Lez, who has been for ten years 
Henry K. Oliver professor of hygiene in the Har- 
vard Medical School, will resign at the end of the 
current academie year and resume the practice of 
medicine in Boston. Dr. Lee was the first appointee 
to the Oliver professorship. 


As we have already noted, Dr. Otto R. Eichel, Al- 
bany, N. Y., director of vital statistics for the New 
York State Department of Health, has been appointed 
to direct the epidemiologic intelligence and statistics 
section of the League of Nations. Dr. Hugh S. Cum- 
ming, Surgeon-General of the U. S. Public Health 
Service, Washington, D. C., has been elected one of 
the vice-presidents of the permanent health organiza- 
tion. Dr. Alice Hamilton, professor of industrial 
medicine, Harvard Medical School, has been ap- 
pointed a member of the committee. 


T. T. Reap, of the Bureau of Mines, has been made 
acting assistant to the director to perform that por- 
tion of the duties formerly done by F. J. Bailey, re- 
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signed, which in the interval between the resignation 
and now have been performed by the director. Mr. 
Read will be the administrative and directing official 
in charge of the mine safety service and D. J. Parker, 
chief engineer, will report to Mr. Read. W. D. Ryan 
and C. L. Colburn will continue to report to Mr. 
Parker. 


Tue following men have recently joined the De- 
velopment Branch of the Western Electric Company 
at Hawthorne: Mr. T. B. Hine, Ph.D., University of 
California, is working on electro chemical problems. 
Mr. Hine was formerly with the Chemical Warfare 
Service in charge of the physico chemical work at 
Edgewood Arsenal. Mr. Leslie D. Smith, Ph.D., 
Johns Hopkins, recently associate chemist in the Bu- 
reau of Chemistry at Washington, is engaged in the 
standardization of methods for the analytical labor- 
atory. 

Proressor Roscor Suaw, head of the nutrition de- 
partment of the American Institute of Baking, has 
been placed in charge of a newly completed labora- 
tory with a capacity for 1,000 test animals. 


Grorce F. Warren, head of the department of 
agricultural economics and farm management, of 
Cornell University, has been elected vice-president of 
a new organization known as the Economic Founda- 
tion, whose purpose is “to further investigation in the 
field of economic, social and industrial science.” 


Harotp E. Bascock, formerly professor of mar- 
keting in the State College of Agriculture, at Cornell 
University, has been named as a member of the State 
Council of Farms and Markets. 


Dr. Arno B. LucxnHarpt, professor of physiology 
in the University of Chicago, has been granted leave 
of absence to enable him to accept the invitation of 
the General Education Board to go abroad for a 
year of travel and research. 


Dr. A. 8. HitcHcock, botanist in charge of system- 
atic agrostology, in the U. 8. Department of Agri- 
culture, has returned from South America. He left 
Washington in May of last year, spending four 
months in Eeuador, two months in Peru, and about 
six weeks in Bolivia. 


Freperick G. Ciapp, consulting geologist of New 
York City, has been engaged in geological work 
in New Zealand for some weeks. 


THE department of zoology of West Virginia Uni- 
versity has secured the services, for one year, of Mr. 
P. C. Bibbee, a recent graduate of the university and 
an expert taxidermist, to collect animals in all parts 
of the state. Especial attention will be paid to birds 
and mammals. When the capitol at Charleston 
burned, a few years ago, 2 valuable and nearly com- 
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plete collection of West Virginia birds was destroyed. 
Mr. Bibbee’s collections will be deposited in Morgan- 
town. 


Dr. JoHN M. Cuarke, director of the State Mu- 
seum, Albany, New York, during the past week gave 
three lectures before the geological department of 
McGill University, Montreal, on “Recent develop- 
ments in the science of geology.” 


On February 16, Professor Henry N. Russell, 
director of the observatory of Princeton University, 
delivered an address before The Royal Canadian In- 
stitute, in Toronto, on “The nebulae; clouds of light 
and darkness in outer space.” 


Dr. F. G. Corrrett delivered an Aldred lecture at 
the Massachusetts Institute of Technology on Febru- 
ary 22, on “Fixation of Nitrogen.” 


Dr. Jacos G. Lipman, dean and director of the New 
Jersey State Agricultural College and Experiment 
Station at New Brunswick, N. J., was the main 
speaker at the annual banquet of the International 
Agricultural Society at Cornell University on March 
Ist. 


Dr. C. L. Dake, professor of geology at the Mis- 
souri School of Mines and Metallurgy, spoke before 
the Geological Society of Tulsa, Okla., on February 16 
on the subject of “The Ozark Uplift.” Dr. Dake out- 
lined the chief movements of the Ozark dome in Pale- 
ozoic time, particularly with reference to the distribu- 
tion and relations of the pre-Pennsylvanian forma- 
tions in the mid-continent field. 


A sust of Professor H. B. Dixon was unveiled on 
February 1 in the Chemical Theater of the Univer- 
sity of Manchester by Dr. H. G. Colman. The bust 
is the work of Mr. John Millard and has been fixed 
to the wall of the theater, which also carries the 
plaques of Sir Edward Frankland and Sir Henry 
Roscoe. 


A commMITTEE of physicians of Havana, Cuba, is 
planning to erect a monument at the entrance to Ha- 
vana Harbor in memory of Dr. Carlos J. Findlay, 
who died in 1915, 


Henry N. Bascock, for more than forty years em- 
ployed by the United States Government as a civil 
engineer, who planned and directed most of the im- 
provements in the New York Harbor, including the 
survey and construction of the Ambrose Channel and 
the Jamaica Bay project, died on February 25, in his 
home in Pelham Manor, at the age of seventy-four 
years. 


Romeyn Hircucock, of Ithaca, N. Y., author of 
contributions to botany, chemistry and other subjects, 
died on November 30, aged seventy-three years. 


SCIENCE 









[Vou. LIX, No, 1) 


Tue Fourth International Conference of gj) Ge 
ence will be held at the International Institute 
Agriculture, Rome, during the period May 1] to 1) 
A large number of papers dealing with problens F 
soil physics, chemistry, microbiology, soil Classifig, 
tion and plant physiology will be presented, 4 nt, 
ber of American soil investigators and plant physi), 
gists are to participate in the program. Those why 
may wish to inform themselves further concerning ty 
conference should communicate with Professor G, , 
Angelis d’Ossat, International Institute of Agriea) 
ture, Villa Umberto I, Rome (10), Italy. 


THE sixth annual meeting (the fifth anniversary 
of the American Society of Mammalogists will \, 
held in Cambridge-Boston, Massachusetts, on Apri 
15, 16 and 17. Sessions the first two days will be « 
voted to the reading of papers, discussion and bys. 
ness, and will be held from 10:00 A. M. to 4:4 
P. M., each day, in the Museum of Comparative Zo), 
ogy, Harvard University. A session will also be 
ranged for the evening of April 15 at the Boston &. 
ciety of Natural History. As a part of the genen 
program it is planned to have a symposium on “Thy 
scientific and economic importance of predatory man. 
mals.” On April 17, through the invitation of Pn. 
fessor W. E. Castle, the society will visit the genctig 
laboratories at Bussey Institution, Forest Hills, wher 
experiments in variation, heredity and evolution ar 
being made. There will also be opportunities to visi 
other places of interest. 


THE creation of the Lillia Babbitt Hyde Foun. 
tion, with a $2,000,000 fund, was approved by tle 
New York State Board of Charities at the meeting 
February 8. This money is to be used for medic 
research and philanthropic use in the metropolita 
area. 


Part of the $600,000 estate of Mrs. Clara A 
Abbott, widow of the founder of the Abbott Labon- 
tories, has been left to “advance the causes of me: 
ical, surgical and chemical charities,’ according 
the terms of her will. 


AN aquarium to be erected at a cost of $2,000,000 
in Chicago, is the gift of John G. Shedd, chairma 
of the board of Marshall Field & Co. The building 
as now planned, is to be 300 feet long, one story high. 
surmounted by a dome. It will be situated on tht 
lake front near the Field Museum and adjacent t 
the municipal stadium, now building. 


THe University of California has received frou 
Mrs. May L. Cheney the extensive conchological 0: 
lection made by her husband, the late Warren Cheney, 
of Berkeley. 
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Tue Presse médicale states that the four universi- 
ties in Belgium have recently received 8 gm of radium 


fom the radium deposits in the Congo. 


Tue assistance publique of Paris has recently been 
left a legacy of one and a half million franes, a large 
art of which is to be employed for the supply of 
adium to the principal Paris hospitals. 


Iv transmitting to Scrence a letter concerning the 
Colombian earthquake an error was made in the name 
of the writer. It should have been given as the Hon- 
orable Samuel H. Piles, the American minister at 


Bogota. 





UNIVERSITY AND EDUCATIONAL 
NOTES 


Mr. aND Mrs. Henry Purprs are announced as the 
anonymous donors of $1,000,000 to Johns Hopkins 
University last year. The gift was conditional upon 
the university raising another $1,000,000 to endow 
permanently the Phipps psychiatric clinic. Pledges 
to this amount have now been received. The Gen- 
eral Education Board and Edward 8S. Harkness, of 
New York, were among the contributors. 


Tue General Education Board has appropriated 
$400,000 to Washington University, St. Louis, for 
the endowment of a department of bacteriology and 
preventive medicine in the Medical School. This 
makes approximately $4,400,000 that Mr. Rockefeller 
has given to the university. 


Tue Rockefeller Foundation has given a further 
$250,000 to Hong-kong University for the chairs of 
surgery and medicine. 


THE new science building at Tulane University, 
New Orleans, was formally opened on February 21. 
This building, the first constructed on the Tulane 
campus for years, contains experimental laboratories 
for the natural and medical sciences. 


Dr. Percy E. RayMonp, associate professor of 
paleontology at Harvard University and curator of 
the Agassiz Museum, will have charge of the Harvard 
Summer School of Geology this year, and will take 
the school to the Canadian Rockies. 


Dr. CHartes SHattucK Paumer, who for the past 
two years has held a National Research Fellowship at 
Yale University, has been appointed assistant pro- 
fessor of organie chemistry at Northwestern Univer- 
sity, 


Wirx the view to educating the Belgian public in 
matters not treated in the general university curricu- 
lums, an institute of higher studies has been organized 
by private initiative under the chairmanship of M. 
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Guillaume De Greef, with the collaboration of Bordet, 
Brachet, Errera, Lameere, Massart, Zungz, Zwaerde- 
maker and others. There will be a section of natural 
science, in which instruction will be given in general 
biology, anatomy, embryology, physiology, pathology, 
anthropology, zoology, physical geography and 
paleontology. 





DISCUSSION AND CORRESPONDENCE 


A PROPOSED NEW “CHALLENGER” 
EXPLORING EXPEDITION 


THe Navy Department through its Hydrographic 
Office has sent to some forty of representative national 
scientific societies a request for their opinions as to 
the value of a scientific exploring expedition which it 
is proposed to carry out within the Pacifie region. 
Such an expedition would be a modernized “Chal- 
lenger” expedition to extend over at least a number 
of years and to have for its primary purpose the 
preparation of a map of the bottom of the ocean. 
This can now be accomplished with use of the new 
sonie depth finder, which in 1921 was perfected within 
the Navy Department itself. To quote the circular 
letter of Commander Guy Davis, Acting Hydrog- 
rapher, “it is now possible to survey the sea-bottom 
with an accuracy, speed and economy of effort and 
expense that has heretofore been considered impos- 
sible.” 

Accessory to these sounding operations, which would 
necessitate extended cruises throughout the Pacific 
and Caribbean regions, the opportunity would be af- 
forded for taking scientists on board to make studies 
of oceanography, geology, zoology, botany and an- 
thropology, either at sea or upon the oceanic coasts 
and islands. Moreover, it would now be a relatively 
simple matter to take on board a core drill and expert 
operator, so that with the aid of the enlisted men of 
the vessel it would be practicable to make deep bor- 
ings in reefs and on atolls at such positions as to sup- 
ply an answer for some of the most vexed questions 
of the day. 

The Navy Department, it is assumed, would supply 
the vessel or vessels together with their navigating 
and operating personnel, as also the instruments and 
the staff necessary for the sounding operations. The 
remaining scientific personnel could, it is suggested, 
be secured from the educational and research institu- 
tions of the country, probably for the most part upon 
the plan of “leave of absence” with the pay either in 
whole or in part supplied by these institutions. If 
the scientific societies included in the questionnaire 
give their endorsement to the expedition, it is pro- 
posed by the Navy Department to invite a committee 
of scientists named by the National Research Council 
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to meet in conference with one from the Navy Depart- 
ment and together to consider the whole question, es- 
pecially the equipment of the expedition, the financing 
of it, ete. 

It is highly probable if the expedition should be 
carried out and should prove its value, such research 
work would almost of necessity become a permanent 
feature of the Department’s activities; since recently 
acquired knowledge of the sea-bottom within the 
Pacific and Caribbean regions indicates that there 
exist a number of extended narrow zones close to the 
island groups within which there is an altogether ex- 
ceptional instability, and that within these zones vi- 
gias, or before unknown perils to navigation, make 
their appearance. It will be necessary for this rea- 
son to repeat soundings within such regions at inter- 
vals of a decade or so, and in any case after sea- 
quakes have been registered in their neighborhood. It 
is certain that science will be vastly extended through 
the making of such a map of the sea-floor as is here 
proposed. 

Inasmuch as general meetings of the scientific 
bodies will generally not be held before the next 
Christmas holidays, it might be well for those seien- 
tific bodies whose advice has been requested to act 
either through their councils or through their in- 
structed presidents in making their reply to the in- 
quiries received. 

Witu1amM Hersert Hosss 

UNIVERSITY OF MICHIGAN 


PHOSPHORESCENCE OF AMERICAN ICE- 
LAND SPAR AFTER RADIUM 
RADIATION? 


SuBSEQUENT to some experiments in the radiation 
of calcites by radium, made at the request of Pro- 
fessor Wm. P. Headden, the results of which have 
been recently reported by him,” the writer had occa- 
sion to observe the phosphorescence and especially 
the remarkable thermophosphorescence of American 
Iceland spars. 

Specimens from Greycliff, Montana, Cedarville, 
California, and one from Nevada* were radiated. As 
far as the preliminary observation showed, all be- 
haved identically. 

The phosphorescence is reddish-orange, of deeper 
hue than that of kunzite, is of about the same bril- 
liancy at ordinary temperature, but becomes more 
brilliant than kunzite on raising the temperature of 
both. Professor R. E. Nyswander, of the Univer- 


1 Published by permission of the Director, U. 8. Bureau 
of Mines. 

2 Headden, Wm. P., American Journal of Science, Vol. 
VI, Sept., 1923, pp. 247-261. 

8 The exact locality was not disclosed by the owner. 
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sity of Denver, with the cooperation of the Write, 
will make a study of the thermophosphoresceneg “ 
Iceland spar from Montana by the new methog te 
ported at the recent meeting of the American Phys. 
ical Society in Cincinnati. 

Professor Headden further states* that the phos. 
phorescent phenomena of the Montana Iceland Spar 
under X-radiation are the most brilliant that he has 
observed for any mineral. 


S. C. Lin 


COLUMNAR HOLES 


In an article in Science for June 22, Mr. J, y 
Harshberger explains the cause of the columnar hole 
in the wandering sand dunes of New Jersey. Jj 
explanation entirely confirms my own observation ani 
conclusion as to the origin of like holes which I hay 
found all around the shores of Bermuda in the soli 
rock bordering the sea. As is well known, the whok 
of the visible portion of those islands, and down t 
a depth of seven or eight hundred feet, has bee 
built up by dunes—not of sand, but of the minnie 
fragments of the calcareous skeletons of plants ani 
animals which inhabit these waters. This substance 
which is much lighter than sand, has been blown fron 
the beaches upon the land and of course around tle 
trunks of the trees. The rain brought down carbon. 
dioxide from the air. This dissolved some of the line, 
which evaporating made a solid crust of rock about 
the body of the tree. Subsequently the tree died and 
decayed and left a cylindrical hole in the rock. They 
are found all along the shore and vary in diameter 
from a few inches to two feet or more. 

In one of these holes I once found the top of the 
old stump, which had resisted the waves and the 
weather for one knows not how many centuries ani 
was still solid wood and very hard. I contrived to 
chip off some pieces and put a thin section under tle 
microscope, comparing it with a like section of a liv- 
ing juniper tree, a species which makes up, I suppos, 
95 per cent. of our native forest, and found the strue- 
ture the same. I afterwards submitted the specimen 
to an expert in wood structure and he positively 
confirmed my conclusion. 

A. B. Hervey 


BATH, MAINE 


THE TERM “ ARROSTIC” 


Bastné his criticism apparently only on a few line 
of an abstract of a lecture that I gave before the 
Palaeontographische Gesellschaft in 1923, R. Moodie 
objects in Science (Vol. LVIII, Nov. 2, 1923) to the 
use of the term arrostic. 

He is evidently unacquainted with my paper on this 


4 Private communication. 
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subject that appeared in the Anatomischer Angzeiger 
(Nr. 15/16, 1923) and with the more extensive paper 
on the same subject published in Palaeontografica 
(1923). I therefore regard his objections to the use 


of the term arrostie as invalid. 
Baron FrANcIs Nopcsa 





QUOTATIONS 


GOVERNMENT PUBLICATIONS AND THEIR 
DISTRIBUTION 


WueNn a government takes in its own hands the 
publication of matters of scientific interest, it may be 
assumed that this is done with three distinct objects 
in view. In the first place, it wishes to bring to the 
notice of scientific workers the results of original 
researches carried out by experts in departments 
under its control, in order that these results may form 
a foundation for further advance in knowledge. So 
are published the papers comprised in the excellent 
scientific reports of the Ministry of Agriculture and 
Fisheries in England, and of the Fishery Board for 
Scotland. Or it desires to bring to the notice of the 
public, for the sake of the individual and through 
him of the nation at large, the condensed wisdom of 
science as bearing upon matters of practical impor- 
tance. Such is embodied in the pamphlets and leaflets 
dealing with agricultural pests and plant diseases, 
with methods of land-eultivation and stock-raising, 
issued by the Ministry of Agriculture and Fisheries 
and the Board of Agriculture for Scotland. Some- 
times these two aims are seen to run side by side, 
as in the Journals of Agriculture published both by 
the English Ministry and Scottish Board, in which 
matters of both scientific and practical interest 
appear. 

The third object is very different from either of the 
above, its end being to inform the outside world, sci- 
entific and non-scientific, regarding the activities of 
institutions in which a general interest is taken; it 
takes its typical form in the annual reports of such 
establishments as the British Museum, the Natural 
History Museum, and the Royal Scottish Museum. 
This last object may seem to have little of scientific 
value to commend it, but it is in reality of prime 
importance; for institutions of the kind mentioned 
depend for many of their most valuable acquisitions 
upon the generosity of the public, and unless public 
interest is stimulated by full knowledge of progress 
and requirements, the national collections, and sci- 
ence, must in the end suffer. 

The duty of scientific publisher assumed by the 
government does not end, however, with the printing 
of pamphlets, nor are its aims thus attained; the 
question of distribution is second only to that of 
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printing, and it is to this that we wish particularly 
to direct attention. Every scientific worker is aware 
of the generous and even lavish free distribution of 
scientific publications carried out by government de- 
partments of the United States of America; and one 
is tempted to speculate whether the activity and 
originality of research now apparent there may not 
be due in part to this sustained appeal to the scien-: 
tifie mind.—Nature. 





SCIENTIFIC BOOKS 


Eclipses of the Sun. By S. A. MITCHELL, pro- 
fessor of astronomy at the University of Virginia 
and director of the Leander McCormick Observa- 
tory. Published by the Columbia University Press. 
Pp. XVII + 425, with 59 illustrations. 


Tus is far more than a book on eclipses of the 
sun. It deals also with chronology, history, travel, 
spectroscopy, atomic theories, ionization and relativ- 
ity, all presented in non-technical language, so it will 
be as interesting to the layman as to the scientist. 

The author states that he has traveled more than 
40,000 miles to witness four total eclipses of the sun 
and that the total time afforded him for scientific ob- 
servations was less than eleven minutes. This illus- 
trates the modern astronomer’s idea of the importance 
of the observations of the sun during a total eclipse. 

Up to about the middle of the nineteenth century 
an eclipse was observed only if its track happened to 
pass over the home of the observer and the observa- 
tions made were simply the times of contacts and 
crude sketches of the corona. Now, whenever a total 
eclipse of the sun occurs anywhere short of the polar 
regions, many expeditions are sent to the narrow path 
of totality to take advantage of the few precious min- 
utes during which the moon completely covers the sun. 
Professor Mitchell devotes several fascinating chap- 
ters to his personal experiences on four such expe- 
ditions. 

The first two chapters of the book give an account 
of early eclipses and the part they have played in 
fixing historical dates, the earliest date thus deter- 
mined being October 22, 2137 B. C. 

Subsequent chapters trace the evolution of ideas in 
regard to the cause of eclipses, their prediction, the 
motion of the moon; size, shape and distance of the 
sun; sun-spots and their periodicity; the evolution of 
the spectroscope and its application to solar eclipse 
problems. Of these problems, two stand out con- 
spicuously above all others in this book, viz., the 
“flash spectrum” and the corona. These are of spe- 
cial interest at the present time in connection with 
their bearing upon the interpretation of spectra, the 
quantum theory, the structure of the atom and ioni- 
zation. 



























































Professor Mitchell, of course, discusses fully the 
eclipse observations to test the Einstein Theory. He 
gives an outline of the theory and the status, at the 
time the book went to press, of all the attempts to 
verify it. 

Throughout the book there are numerous refer- 
ences to original sources, so it will serve not only to 
give the layman a comprehensive idea of ancient and 
modern eclipse problems, but will also furnish the 
scientist with an invaluable book of reference. 

The book is well written, well printed and pro- 
fusely illustrated. 

FREDERICK SLOCUM 

WESLEYAN UNIVERSITY 





SPECIAL ARTICLES 


ABNORMAL DIPS NEAR THE EASTERN 
BOUNDARY FAULT OF THE CON- 
NECTICUT TRIASSIC 


One of the principal means of establishing the ex- 
act position of the faults which have broken the trap 
sheets of the Connecticut Triassic is by observing 
drag dips along the fault zone. The normal dips of 
the sediments are towards the east, but, if exposures 
may be found in the vicinity of the fault zones, they 
frequently show decreased angles of dip or the dips 
may be shifted towards the west. 

In contrast with fault zones which cross the valley 
the eastern marginal fault zone, which is supposed to 
have the largest throw, shows only exceptional drag 
dips. As one approaches the Eastern Upland the 
dips of the Upper Triassic sandstones rapidly in- 
erease from approximately 10° or 15° E at a dis- 
tance of one half of a mile from the fault line to 
40° or 50° E near the fault line. An occasional 
drag dip may be noted, as in a quarry on the grounds 
of the Connecticut State Hospital at Middletown, but, 
in general, Longwell’ and others have noted the occur- 
rence of steepened dips in the vicinity of the eastern 
marginal fault. 

Similar increased dips have been noted near the 
faults which cut the rocks of the Grand Canyon dis- 
trict. D. W. Johnson? and others have argued that 
the conditions were produced by monoclinal folds 
towards the east, followed by normal faulting towards 
the west. No one has ever argued, and it is not be- 
lieved, that the Connecticut sediments were ever 
folded towards the east before the boundary fault 
developed. A considerable body of evidence goes to 
prove that the depression within which the Con- 
necticut valley sediments collected was developed by 
fault movements along its eastern border, taking 
place pari passu with the deposition of the sediments. 


1C. R. Longwell, Am. Jour. Sci., Vol. 4 (1922), p. 236. 
2 Proc. Boston Soc. Nat. Hist., Vol. 34 (1909), p. 158. 
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Such a hypothesis can not account, therefore, for the 
abnormal dips observed. 

For reasons stated elsewhere® the writer js wholly 
convinced that the boundary fault to the east js ‘ 
normal fault with a hade towards the west, 1 
fact is further established by driven wells along this 
zone which penetrate from Triassic sandstone aboy 
to crystalline rocks at depth. In view of the numb 
of cases of drag dips found near the fault ling 
crossing the Connecticut valley the writer has bee, 
greatly puzzled by the increased dips to the egy 
characteristic of the boundary fault. 

Only one possible hypothesis to account for the 
facts has suggested itself. . The condition of tensio, 
near the earth’s surface which allowed the Triassic 
fault valley to develop is believed by most geologists 
to be abnormal. Compressive strains resulting froy 
the earth’s contraction usually dominate within the 
earth’s crustal rocks. After the development of the 
Triassic fault valley of Connecticut is it not possible 
that the abnormal tensional strains were replaced by 
the normal compressional strains which were prop:- 
gated across the valley from the west by the compe 
tent sandstones and trap sheets of the Newark series, 
to be dammed back at the eastern border by the re. 
sistent rocks of the crystalline uplands, and that 
these strains developed a slight monoclinal fold to 
the east at the contact between the two unlike forms- 
tions. Certain facts combine to make this hypothesis 
plausible: 

(1) Anticlinal structures similar to the one occur- 
ring immediately east of Cedar Mountain, south of 
Hartford, are known within the valley. They ar 
eut by the faults crossing the area and hence must 
have been developed between the two faulting periods, 
i.e., between the period of the eastern fault which 
developed the trough in which the Newark sediments 
rest and the period of the cross faults which break 
the trap flows. The compressional movements which 
formed the anticline would have effected the dip: 
along the earlier fault zone but could not alter the 
drag dips along the later fault zone. Thus the ab- 
normal dips at the east may be accounted for. 

(2) A study of the crystalline rocks shows that the 
preTriassic compressional stresses were directed from 
the west causing overthrusting towards the east in the 
Eastern Upland. The Triassic thrusts follow, there 
fore, the usual direction within the area. 

And (3) the two distinct periods of faulting seem 
to eall for an intermediate period of compressio! 
which must have produced at least minor disturbances 
at the eastern boundary fault. 

Wiser G. Foye 

WESLEYAN UNIVERSITY 


8 Cf. W. G. Foye, Jour. of Geol., Vol. 30 (1922), PP. 
690-99. 








